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PEEFAOE  TO  VOL.  Ill, 


Thf  originnl  onc-volnme  edition  of  the  Treatise  on  MRtba* 
mntical  Instruments  having  now  been  expanded  into  three 
volumes,  this  third  volume  is  devoted  entirely  to  the  con¬ 
sideration  of  Surveying  Instruments  and  of  Astronomical 
Instruments,  forming  Parts  IV.  and  V.  of  the  -work. 

The  additional  space  thus  obtained  has  been  employed  by 
the  Author,  in  the  hrst  place,  in  describing  more  fully  the 
several  varieties  of  the  instruments  treated  of,  and  in  giving 
more  detailed  and  comprehensive  illustrations  of  their  appli¬ 
cation  ;  and,  in  the  second  place,  in  introducing  entirely 
new  chapters  upon  instruments  for  the  dcteiToination  of 
distances  by  observation,  and  npon  the  measurement  of 
altitudes  by  the  barometer  and  thermometer.  A  chapter  has 
also  been  added  to  Fart  V.  upon  the  construction  and  use 
of  the  Equatorial,  undoubtedly  the  form  of  instrument  best 
adapted  for  the  examination  of  those  phenomena  of  the  solar 
orb,  which  now  demand  so  mneh  attention  from  the  scientihe 
world. 

The  Author  is  again  bound  to  mention  his  obligations  to 
Messrs.  Elliott,  who  have  kindly  supplied  several  of  the 
woodcuts  that  illustrate  the  volume,  and  to  Messrs.  Parkca 
and  Son  of  BUmingham,  who  scut  him  a  large  number  of 
instruments  for  inspection,  among  which  were  the  Drawing 
and  Mining  Levels,  described  at  pp.  S7,  88. 

To  these  gentlemen,  and  to  all  from  whom  he  has  derived 
assistance  in  the  preparation  of  this  and  the  preceding 
volumes,  the  Author  begs  leave  again  to  return  his  most 
sincere  thanks,  and  ventures  to  repeat  the  hope  already 
expressed  in  the  preface  to  the  6rst  volume,  **  that  the  skill 
of  the  workman  may  not  appear  to  have  been  altogether 
inadeqnate  to  the  manipulation  of  the  materials  supplied 
him.” 
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TART  IV. 

BUBVEYXNG  INSTRUMENTS. 

SonteviNO  conei^ta  id  tlie  mcaanrement  of  such  diatancca 
and  angles,  as  shall  moat  correctly,  and  conveniently,  define 
the  boundaries  of  a  plot  of  ground,  as  well  as  the  positions 
of  tho  various  objects  that  diversify  its  surface,  whether 
natural,  as  hills,  rivers,  forests,  &c,or  ariificia),  as  roads, 
railways,  cannls,  &c. 

From  tlie  measurement  thus  made,  these  boundaries  and 
objects  can  be  laid  down  on  paper,  so  as  to  preserve  tbeir 
relative  magnitudes  and  positions,  the  observed  measure- 
menu  being  all  reduced  in  tho  same  proportion.  The  fea¬ 
tures  of  the  ground  thus  laid  down,  form  what  is  called  a 
map  or  plan,  according  as  the  plot  of  ground  represented  is 
of  greater  or  smaller  extent;  and  the  process  of  laying  it 
down  is  called  plotting  the  $\irveg. 

The  iustriiments  used  in  plotting,  and  also  in  the  copying, 
reduction,  and  measurement,  of  maps  and  plans,  are  fully 
described  in  tho  volumes  on  Mathematical  Drawing,  Measur¬ 
ing,  and  Optical  Instruments.  It  remains,  then,  to  describe  : 
— (1)  The  instruments  used  for  measuring  horizontal  dis¬ 
tances  ;  (2)  the  instruments  used  for  measuring  vertical 
distances ;  and  (3)  the  instruments  used  for  mensnring 

anglea. 
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CHAPTER  1. 

IKSTECMEXTS  FOR  MEASURING  HORIZONTAL  DISTANCES 

TBC  LAKD  CHAIM. 

Gomtck'b  chain  is  the  instrument  used  almost  universally 
for  measuring  the  distances  required  in  a  survey.  For  exten¬ 
sive  and  important  surveys,  however,  such  as  those  carried  oa 
under  the  Board  of  Ordnance,  a  base  of  about  G  or  6  miles 
in  length  is  first  measured  by  some  more  accurate  instru¬ 
ment,  and  all  the  principal  lines,  and  the  distances  of  the 
extreme  points,  arc  calculated  from  triangles  connecting  them 
with  this  base.  One  of  the  instruments  which  has  been  used 
for  this  purpose  was  a  steel  chain  100  feet  long,  constmeted 
by  Ramsden,  jointed  like  a  watch  chain.  Tliis  chain  was 
always  stretched  to  the  same  tension,  supported  on  troughs 
laid  horizontally,  and  allowances  were  made  for  changes  in 
its  Ijngth  made  by  temperature,  at  the  rate  of  *0075  of  an 
inch  for  each  degree  of  heat  from  62°  of  Fahrenheit.  More 
recently,  compound  rods  have  been  used,  so  constructed  that, 
by  the  unequal  expansion  of  two  metals,  tsvo  points  on  cross¬ 
pieces,  connecting  the  ends  of  the  two  bars  composed  of 
those  metals,  always  remain  at  the  same  distance  from  each 
other. 

To  return,  however,  to  Gunter's  chain: — itis  66  feet, or  four 
poles  in  length,  and  is  divided  into  100  links,  whicli  are  joined 
together  by  rings.  The  length  of  each  link,  together  with  the 

.  66  X  1  ^ 

lings  connecting  it  with  the  next,  is,  consequently,  - 

100 

inches  or  7*92  inches.  To  every  tenth  link  are  attached 
pieces  of  brass  of  different  shapes  for  more  readily  counting 
the  links  in  distances  less  than  a  chain.  They  are  something 
like  the  fingers  of  the  hand,  one  finger  being  placed  ni 
the  tenth  link,  two  fingers  at  the  twentieth  link,  three  at 
the  thirtieth,  and  four  at  tlie  fortieth;  and  at  the  fiftieth 
link,  or  centre  of  the  chain,  is  placed  a  round  mark.  The 
same  marks,  in  the  reverse  order,  are  placed  beyond  tlie 
centre;  so  that  one  finger  may  denote  either  ten  links,  oi 
ninety  links  ;  two  fingers,  either  twenty,  or  eighty  links,  <&c.. 
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accordingly  as  they  lie  before,  or  beyond,  tbe  centre.  At 
each  end  of  the  chain  is  a  brass  handle,  by  Tvhicb  to  hold 
and  pull  it  straight  when  in  use. 

The  following  tables  exhibit  the  number  of  chains  and  links 
in  the  different  units  of  lineal  measure,  and  the  number  of 
square  chains  and  links  in  tlie  different  units  of  square  mea- 
Bi're,  made  use  of  in  tliis  country  : — 


A  TABLE  OF  LINEAR  MEASURES 


Links- 

Feel. 

YarOa. 

Polea. 

25 

IG^ 

5i 

I 

Cliainj. 

100 

6G 

22 

4 

1 

Furlongs.  1 

1,000 

6G0 

220 

40 

10 

^  1 

8,000 

-5,280 

1,7G0 

3-20 

80 

!  8  1  1 

A  TABLE  OF  SQUARE  MEASUUES. 


fiq.  Linkj. 

S<].  Feet. 

VtircL. 

G25 

272i 

30 1 

10,000 

4,356 

484 

25,000 

10,890 

1,210 

100,000 

43,560 

4,840 

81,000,000 

-27,878,400 

3,097,600 

As,  then,  an  acre  contains  100,000  square  links,  if  the  con¬ 
tent  of  a  survey,  cast  up  in  square  links,  be  divided  by  100,000, 
tlic  quotient  gives  at  once  the  content  in  acres,  and  deci¬ 
mals  of  an  acre.  But  the  division  by  100,000  is 
jjorformed  by  merely  pointing  off  the  five  last 
figures  towards  the  right  liand  for  tlie  decimals 
of  All  acre,  and  the  remaining  figures  towards  the 
left  hand  are  the  acres  in  the  content  required. 

Tlie  decimals  thus  pointed  off  being  then  mul¬ 
tiplied  by  4,  and  the  five  last  figures  pointed  off 
as  before,  the  remaining  figures  are  the  roods;  and 
tlic  five  decimals  cut  off  from  this  product,  mul¬ 
tiplied  by  40,  give  the  poles  or  perches,  and  deci¬ 
mals  of  a  pole,  the  same  number,  5,  of  digits  being 
again  pointed  off,  including  the  zero  which  arises 


1175 

1175 

5875 

8225 

12925 

13-80625 

4 

3-22500 

40 


9-00000 
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from  the  multiplication  by  40.  Tlnia,  if  the  aide  of  a  square 
field  measured  11  chains,  7o  links,  or  1175  links,  the  area 
of  the  field  would  contain  1175  X  1175,  or  1,3S0,G25  square 
links,  which  is  equivalent  to  13’80G25  acres.  Then  ‘80625 
acres  is  equivalent  to  80625x4,  or  3*22500  roods  ;  and,  again, 
*22500  roods  is  equivalent  to  *22500  x  40,  or  9‘00000  poles. 
The  field  consequently  would  measure  13  acres,  3  roods, 

9  poles. 

Ten  arrows  must  bo  provided  with  the  chain,  about  12 
inches  long,  pointed  at  one  end,  so  as  to  be  easily  pressed 
into  the  ground,  and  turned  at  the  other  end,  so  as  to  form 
a  ring,  to  serve  for  a  handle  by  which  they  may  be  hung 
on  the  finger. 

In  using  the  chain,  marks  arc  first  to  be  act  up  at  the  ex¬ 
tremities  of  the  line  to  be  measured.  Two  persona  are  then 
required  to  perform  the  measurement.  The  chain  lender 
starts  with  the  ten  arro*A's  in  his  left  hand,  and  one  end  of  the 
chain  in  his  right,  while  the  follower  remains  at  the  starting- 
jioint,  and,  looking  at  the  mark  or  staff  at  the  other  ex¬ 
tremity  of  the  line  to  be  measured,  directs  the  leader  to 
extend  the  chain  in  the  direction  of  this  mark.  The  leader 
then  puts  down  one  of  his  arrows,  and  proceeds  a  second 
chain's  length  towards  the  end  of  the  line,  while  the  fol¬ 
lower  comes  up  to  the  arrow  first  put  down.  A  second 
arrow  being  now  put  down  by  the  lender,  the  first  is  taken 
up  by  the  follower,  and  the  same  operation  is  repeated  till 
the  lender  has  expended  all  his  arrows.  Ten  chains,  or 
1000  links,  have  now  been  measured,  and  this  measurement 
having  been  noted  in  the  field  book,  tbe  follower  returns 
tlie  ten  arrows  to  the  leader,  and  the  same  operations  are 
repeated.  When  the  leader  arrives  at  the  end  of  the  line, 
the  number  of  arrows  in  the  fullower's  band  shows  the  num¬ 
ber  of  chains  measured  since  the  Inst  exchange  of  arrows 
noted  in  the  field  book,  and  the  number  of  links  extending 
from  tbe  last  arrow  to  the  mark,  or  staff,  at  the  end  of  jjqqj, 
the  line  being  also  added,  gives  the  entire  measure-  400 
luent  of  the  line.  Thus,  if  the  arrows  have  been  ex-  63 

changed  9  times,  and  if  tlic  follower  have  4  arrows,  and  - 

from  the  arrow  last  laid  down  to  the  end  of  the  line 
measure  63  links,  the  whole  measurement  will  be  9463 
links. 

To  npfliflt,  in  preserving  tbe  line  straight  «s  well  as  to 
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lerve  for  a  check  upon  the  number  of  chaiofi  mensureJ,  it  ia 
s  good  method  to  aet  up  a  etafif  at  each  ten  ebaiua,  when  the 
arrows  are  exchanged. 

In  uaing  the  chain  caro  must  be  taken  to  stretch  it  always 
with  tlie  same  tension.  As  it  will  give  when  much  used,  es¬ 
pecially  wlicn  new,  it  should  constantly  be  examined,  and 
shortened  if  necessary.  For  this  purpose  a  chain’s  length 
should  lie  accurately  set  nut  on  a  level  piece  of  ground,  or 
along  the  coping  of  a  wall^'^as  a  standard,  and  before  taking 
the  chains  out  for  use,  any  links  that  may  have  got  bent 
should  first  be  straightened,  and  the  chain  then  compared 
with  the  standard.  The  excess  of  length,  if  any,  above  the 
standard,  should  then  be  corrected  by  shortening  equally  two 
of  the  links,  the  first  link,  for  instance,  and  the  fifty-first,  or 
first  beyond  the  centre  to  begin  with;  on  the  next  occasion, 
the  twenty-fifth  and  the  seventy-fifth  ;  on  the  third,  the 
forty-ninth  and  the  hundredth;  on  the  fourth,  the  eleventh 
and  eighty-ninth;  and  on  the  fifth,  the  thirty-ninth  and 
sixty-first.  After  this,  tlie  shortening,  when  necessary, 
may  be  proceeded  with  by  taking  in  like  order  the  links 
adjoining  these.  By  this  means  the  shortening  is  equally 
distributed  throughout  the  chain;  so  thot  not  only  the  entire 
length,  but  the  lengths  from  any  one  point  to  the  other,  arc 
kejit  as  nearly  as  possible  correct.  The  shortening  should 
be  made  by  the  removal  of  a  ring  at  the  end  of  the  link,  when 
tiie  elongation  is  sufficient  to  re<{uire  it. 

Wiien  the  ground  over  which  the  measurement  is  taken 
rises  or  falls,  or  both  alternately,  the  horizontal  distonces  are 
what  we  require  for  plotting  the  survey,  and  not  the  actual 
distances  measured  along  the  line  of  the  ground. 

For  many  ordinary  purposes  the  horizontol  measurement 
may  be  obtained  by  holding  one  end  of  the  cliain  up,  so  as 
to  keep  it,  as  nearly  as  can  be  judged,  horizontal,  the  arrow 
being  placed  vertically  tinder  tlic  end  so  held  up  ;  and,  to 
ensure  this,  both  leader  and  follower  sliould  be  provided  with 
n  line  and  weight  at  the  end,  to  be  used  as  a  plummet.  Wiien, 
however,  the  measured  lino  is  of  considerable  length,  anti 

*  When  making  a  sUindHril  chain  cable  for  the  Govcrnincnt  bass 
lino  at  tho  Capo  of  (iooil  Hope,  ^Icssrs.  Elliott  Urutbera  hiiil  down 
very  correctly,  on  tbc  parapet  of  Somerset  ilousc,  a  distance  of  100 
feet.  There  are  brasses  inserted  into  the  granite  at  every  10  feet,  on 
which  are  cut  the  divisions.  This  information  may  be  very  useful  to 
lurveyors,  as  there  is  no  other  standard  length  laid  down  in  London. 
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forms  one  of  the  principal  lines  of  an  extensive  survey,  the 
distances  must  be  measured  along  the  line  of  ground,  aiul, 
the  angles  of  elevation  and  dc])ression  of  the  several  inclined 
parts  of  the  line  being  afterwards  taken  with  the  theodolite 
(p.  55),  or  the  vertical  risings  and  fallings  being  taken  by  the 
process  of  levelling  with  the  spirit  level  (p.  12)  and  staves 
(p.  25),  the  correct  horizontal  distances  must  thence  be 
computed. 

Tlie  following  table  abows  tbe  number  of  links  to  be  sub* 
tracted  from  every  chain,  or  100  links,  for  the  angles  there 
set  down,  being  in  fact  the  versed  einea  of  those  angles  to  a 
radius  of  100.  The  correction  for  each  100  links,  for  any 
angle  whatever,  may  at  once  he  taken  from  a  table  of  natural 
versed  sines,  by  considering  the  brat  two  figures  ns  integers. 
The  correction  may  also  iic  taken  from  a  table  of  natural  co¬ 
sines,  by  subtracting  each  of  the  first  four  figures  from  0,  and 
reckoning  the  first  two  figures  as  integers,  and  the  Inst  two  ns 
decimals:  thus,  to  find  the  correction  for  an  inclination  of 
8*^  19‘,  take  the  first  four  figures  of  the  cosine  of  8*^  li»', 
which  will  he  and  subtracting  each  of  tlicse  foiii 

figures  from  9,  we  obtain  0105:  then,  considering  tlie  fiTst 
two  figures  of  tills  result  ns  integers,  and  tlie  Inst  two  aa 
decimals,  wo  have  1*05  for  the  correction,  due  to  the  in¬ 
clination  8®  10',  for  every  100  links.  If  the  last  figure  in  the 
correction  thus  found  be  increased  by  1,  whenever  the  fifth 
figure  of  the  cosine  is  less  than  5,  the  result  will  bo  mure 
accurate. 


Taiile  nLovingtbe  ItcOuction,  in  laiikx  and  Decimals  of  a  Link,  upon 
100  Links,  for  every  Half  Degree  of  Inclination  from  3*  la  20°  30'. 


Rcduclioo. 

Angle. 

ncducUon. 

At 

gle. 

nrduclinn.  | 

3"  0' 

0*14 

0’ 

1  23 

15‘ 

O' 

3  41  * 

30 

OIG 

30 

1-37 

30 

3  01 

4  0 

0-21 

10 

0 

152 

16 

0 

3  87 

30 

0-31 

30 

1  67 

3fl 

•1  12 

6  G 

0.38 

11 

0 

1-81 

17 

(t 

•1  37 

30 

0  16 

30 

2-01 

30 

6  0 

12 

0 

219 

18 

0 

4*89 

30 

30 

2-37 

SO 

517 

7  0 

13 

0 

2-dC 

19 

0 

5  45 

30 

0-86 

30 

2-70 

30 

5'74 

a  0  , 

0  97 

14 

0 

2^97 

20 

U 

G-03 

30 

1-10 

30 

3-19 

30 

6  33 
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Recurring  to  incasuremcnts  for  short  distances,  if  the  in¬ 
clination  be  considerable,  although  the  method  drat  men¬ 
tioned  may  he  still  ap]>licd,  an  entire  chain's  length  cannot 
be  measured  at  once  :  but;  tlic  length  of  the  incline  must  be 
taken  in  several  short  steps  denoted  in  the  annexed  figure  ; 
whence  the  method  is  called  stop* 
ping.  It  is  seen  here  that  the 
required  horizontal  distance,  a  b, 
is  equal  to  the  sum  of  the  dis¬ 
tances  a  e,  d  and  f  g. 

If,  however,  the  length  of  the  line  should  exceed  three 
chains,  with  considerable  inclination,  the  measurements  slionld 
he  taken  along  the  grouiul.  and  the  true  horizontal  distance 
deduced  from  the  measured  distance,  either  by  some  instru¬ 
ment  graduated  to  measure,  roughly,  either  the  angle  of 
inclination,  or.  what  wouhl  he  much  better,  the  correction  to 
he  deducted  from  the  measured  distance,  or  by-somo  simple 
levelling  instrument,  such  as  the  reflecting  level  described 
hereafter  (p.  34).  To  the  latter  method  we  should  give  ilie 
preference  ;  but  instruments  of  various  forms,  tenueJ  c/f> 
u(,meter*,  for  measuring  angles  of  inclination  with  siinicient 
accuracy  for  the  purpose  now  under  consideration,  arc  con¬ 
structed  by  the  instrument  makers,  being  also  found  useful 
for  mining  and  draining. 

A  simple  form  of  clinometer  suitable  for  tlie  purpose  may 
be  constructed  as  follows:  Describe  on  a  card,  a,  a  semi¬ 
circle  about  four  inches  diameter,  and  divide  it  into  degrees ; 
a  card  already  diviilcd  for  tliis  purpose 
may  bo  procured  from  the  insiriiinent 
maker :  wo  have  one  procured  from 
Messrs.  Elliott,  who  also  supply  a  simi¬ 
larly  divided  semicircle,  niounte<l  in 
wood.  Procure  a  box,  d  u,  about  half  an 
inch  deep,  witli  a  glass  face  to  it ;  Hx  the 
semicircle  against  the  back  of  the  box ; 
and  attach  to  the  centre  of  the  semi¬ 
circle  a  fine  coril,  c  C,  with  a  small  bullet, 
b,  at  the  end,  to  act  as  a  pendulum. 

Make  two  circular  apertures  in  tlie 
rim  of  the  box,  having  their  centres 
exactly  in  line  wnth  the  diameter  of  the 
semicircle.  The  opening  at  o,  to  form 
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of  the  infitrument,  rIiouUI  he  About  a  quarter  of  an  inch 
in  diameter,  and  should  have  a  Hue  wire  stretched  across 
it  horizontally,  exactly  in  line  with  the  diameter  of  the 
semicircle;  and  the  aperture  at  e,  to  form  the  eye-end  of  iha 
instrument,  should  be  about  the  twentieth  of  ait  inch  in  dia¬ 
meter.  In  using  it  the  height  of  the  observer's  eye  from  the 
ground  should  be  conspicuously  marked  on  an  effsetting  stall, 
described  below,  and  a  man  being  sent  forward  tbe  required 
distance,  to  plant  the  staff  on  tbe  ground  and  hold  it  in  a 
vertical  position,  the  sight  is  to  be  directed  to  the  mark  on 
the  staff,  and  the  pendulum,  as  soon  as  it  is  at  rest,  points  to  the 
degree  of  inclination,  and  to  the  correction  to  be  made,  if 
this  also  be  marked  on  the  card,  os  it  is  advisable  that  it 
should  be. 

The  advantage  of  Gunter's  chain  consists  in  its  adoptation 
to  the  Bupcrhcial  measure  of  land  in  acres,  d:c. ;  hut  when  a 
survey  is  to  he  made  for  tLe  purpose  of  linear  measurements 
only,  or  when  it  may  be  more  convenient  to  compute  the  area 
in  square  feet,  a  chain  100  feet  long,  divided  into  links  of  a 
foot  long,  is  to  be  preferred.  Such  a  chain  is  the  heat  fur 
military  surveying. 

Offdeta,  perpendicular  to  tbe  main  line,  to  hedges  and  re¬ 
markable  objects  on  either  side  of  it,  are  measured  from  the 
chain  ns  it  lies  stretched  upon  the  ground,  by  means  of  an 
offsetting  staff.  This  staff  should  be  10  links  in  length,  and 
divided  into  linlca.  With  Gunter’s  chain  the  staff,  then,  will 
he  G*G  feet,  or  0  feet  7*2  inches  long,  while  with  the  100  feet 
chain  it  will  be  10  feet  in  length. 

The  offsetting  staff  may  be  made  of  hickory,  ash,  or  red 
It  should  he  about  an  inch  and  a  quarter  in  diameter  in 
the  centre,  tapering  until  it  is  about  three-quarters  uf  an  inch 
diameter  at  the  ends.  One  end  should  have  a  ferrule  with  steel 
point  for  sticking  in  the  ground ;  and  nt  the  otlicr  end  aliould 
be  another  ferrule  with  a  strong  hook  fastened  to  the  side,  for 
the  purpose  of  taking  hold  of  one  of  the  hrass  handles  of  the 
chain,  when  it  is  necessary  to  drag  it  through  a  hedge.  The 
links  should  be  marked  with  rings  drawn  round  the  lod,  and 
cut  in,  and  the  centre  should  have  some  special  mark,  as  a 
peculiar  coloured  ring,  or  a  V,  to  denote  five  links.  A 
surveyor  might  also  keep  by  him  one  particular  offsetting 
staff,  marked  conspicuously  at  a  length  denoting  the  height 
of  his  eye.  Offsets  arc  meosured  by  laying  the  staff  flat  on  the 
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grounil,  ))oiiiting  to  tbe  spot  to  be  measured  to,  aud  turning 
it  over  and  forward,  always  pointing  to  tbe  same  spot. 

OSsets  may  also  bo  measured  with  a  measuring  tape  very 
conveniently  and  accurately,  and  it  is  particularly  convenient 
for  tbe  measurement  of  buildings,  in  surveying  through  a 
town.  It  requires,  however,  two  persons  to  attend  to  it,  and 
is  liable  to  fray  out  and  get  dirty.  Messrs.  Pnrkes  have 
taken  out  a  patent  for  a  tape,  which  they  call  the  infle.xible 
tape.  It  is  woven  from  a  strong  fibre;  and  being  saturated 
with  a  waterproof  coating,  is  impervious  to  the  effects  of 
wet. 

Surveys  of  small  extent  can  be  made  with  the  chain  only, 
and  the  mode  of  proceeding  consists  in  chaining  lines  to 
form  triangles,  either  included  witliin,  or  inclosing,  the  are.*! 
to  be  surveyed.  The  triangle,  in  fact,  is  the  only  figure  the 
angular  points  of  which  can  be  determined  by  the  lengths  of 
the  sides  alone.  The  best  form  for  the  triangles  is  the 
equilateral,  and  they  should,  therefore,  he  made  to  approach 
this  form  ns  nearly  as  niay  be  consistent  with  other  important 
considerations.  These  considerations  are  that  the  chain  lines 
should  be  as  few  as  possible,  and  the  offsets  short.  Lines 
across  the  triangles  should  be  measured,  thus  forming  new 
triangles,  and  checking  the  position  of  the  angular  points, 
common  to  them  with  the  original  triangles.  Such  lines  are 
called  tie  lines. 

It  is  best  to  have  the  principal  triangles  as  large  as  possible; 
and,  as  it  is  of  the  greatest  importance  that  the  long  lines 
necessary  for  tliis  purpose  should  be  made  accurately  straight, 
they  must  be  marked  out  by  station  poles  and  ranging  rods. 

The  station  poles  to  be  fixed  at  the  ends  of  the  principal 
lines  should  be  fifteen  or  twenty  feet  long;  they  should  be 
clean,  straight,  natural  spars,  and  should  be  carefully  fixed 
in  a  vertical  position,  by  trying  them  with  a  line  and  plummet 
on  every  side. 

The  ranging  rods  should  be  about  eight  or  nine  feet  long, 
and  perfectly  straight,  shod  with  iron,  and  tipped  with  steel. 
They  should  be  painted  white ;  and  both  they  and  the  station 
poles  should  have  small  Bags  fastened  to  their  tops. 
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ClIAI^'rEU  u. 

INSTRUMENTS  FOR  THE  MEASUREMENT  OF  VERTICAL 
DISTANCES. 

THE  aPIfilT  LEVEL. 

Certain  parts  of  the  principal  inatrnmcnts  tised  in  survey¬ 
ing,  and  in  astronnmic.il  obscrvatinns,  require  to  be  atijiisted 
in  truly  horizontal  pnaitinna;  and,  to  arrive  at  this  a^just- 
incnt,  one  or  more  subaidiary  instruments,  c.illed  xpii  il  IccpU, 
are  attached  to  such  principal  instruments,  'i'lie  spirit  level 
attached  to  a  good  teleacope,  furnished  with  a  compass,  and 
Huchmennsof  correct  adjustment  as  we  shall  presently  dcscrihe, 
becomes  also  itself  an  important  instrument,  being  used  in  the 
department  of  surveying  termed  levelling,  which  consists  in 
measuring  the  verticcl  distances  between  various  stations. 

The  spirit  level  consists  of  a  glass  tube,  differing  from  the 
cylindrical  form  by  having  Us  diameter  largest  in  the  middle, 
and  decreasing  slightly  and  willi  great  regularity  from  the 
middle  to  the  ends.  The  tube  is  nearly,  but  not  quite,  filled 
with  spirits  of  wine,  thus  leaving  in  it  a  bubble  of  air,  h  h, 
which  rises  to  the  highest  part  of  the  tube,  so  ns  to  have  its 
two  ends  equally  distant  from  the  middle  wlien  the  instru¬ 
ment  is  in  adjustment,  as  represented  in  the 
annexed  figure.  Tlie  tube  is  generally  fitted  into 
another  tube  of  metal,  and  attaclicd  to  a  frame 
terminating  in  angular  bearings,  by  which  llie  level  can  either 
be  suspended  from,  or  else  be  .snppovtcd  on,  cvlindricnl  pivots. 

hen,  however,  the  level  forms  a  permauonL  part  of  any 
instrument,  the  manner  of  attaching  it  is  mrjdificd  to  suit  the 
particular  form  of  the  instrument  to  wliich  it  is  nttaclied.  A 
small  and  accnrotcly-divided  scale  is  nttaclied  to  the  best 
instruments,  or  otherwise  a  scale  is  scratched  upon  the  glass 

tube  itself,  os  represented 
in  the  figure  given  above. 

The  annexed  figure  is 
a  representation  of  such 
a  level  as  is  used  for  level¬ 
ling  the  axis  of  the  best 
astronomical  instruments.  It  is  provided  with  a  fixed  scale, 
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leen  in  lisc  figure,  and  is  snspcndccl  by  means  of  accurately 
constructed  angular  bearings. 

Tiic  following  criteria  of  a  good  level  arc  cxtr.TClcd  from 
Dr.  Pearson’s  valuable  work  on  Practical  Astronomy,  before 
referred  to. 

“  Firstly,  the  bubble  must  be  long  enough,  compared  with 
the  whole  tube,  to  admit  of  quick  displacement,  and  yet  not 
too  long  to  admit  of  its  proper  elongation  by  low  tempera¬ 
ture. 

“Secondly,  the  curve  must  be  such,  that  the  sensibility 
and  uniform  run  of  the  bubble  will  indicate  quantities  snSi- 
ciently  minute,  while  those  quantities  correspond  exactly  to 
the  changes  of  inclination,  ns  read  on  the  gradnateil  limb  of 
the  instrument  of  which  it  forms  a  part. 

“Thirdly,  the  buhblc  must  keep  its  station  when  the 
angles  are  moved  a  little  round  the  jtivots  of  suspension. 

“  Fourthly,  the  opposite  ends  of  the  bubble  nmst  vary 
alike  in  all  changes  of  temperature,  or,  in  other  words,  the 
ends  of  the  bubble  must  elongate  or  contract  alike  in  opposite 
directions,  so  that  the  middle  point  may  always  be  stationary. 

“  Fifthly,  the  angles  of  the  metallic  end -pieces  must  be  so 
nicely  adjusted  that  reversion  on  horizontal  pivots  that  arc 
sqnal  will  not  alter  the  ]i]ace  of  the  bubble. 

“Sixthly,  the  distance  between  the  two  zeros  of  a  fixed 
scale,  when  such  a  graduated  sc.ilc  is  used,  should  be  equal 
to  the  length  of  the  bubble  at  the  temperature  of  GO^  of 
Fabrenheit's  scale,  and  should  be  marked  at  equal  distances 
from  the  visible  ends  of  (he  glass  tube.  Tiicn,  ns  the  bubble 
lengthens  by  cold  or  shortens  by  bent,  its  extreme  ends  may 
always  be  referred  to  these  fixed  marks,  00,  on  the  scale, 
and  will  fall  eitlier  within,  upon,  or  beyond  them,  according 
to  the  existing  temperature.  The  number  of  subdivisions  of 
the  scale  that  each  end  of  the  bubble  is  standing  at,  counted 
from  the  fixed  zero  marks,  at  the  instant  of  finishing  an 
observation,  must  always  be  noted,  that  an  allowance  may  be 
mode  for  the  value  of  the  deviation  in  seconds,  or  as  the  case 
may  require. 

“  Seventhly,  when  the  two  ends  of  the  bubble  arc  not  alike 
afTected  by  a  change  of  temperature,  the  scale  should  be  a 
detached  one,  and  adjustable  to  the  new  zero  points,  by  an 
inversion  of  the  level. 

“Eighthly,  when  the  scale  has  only  one  zero,  at  its  centre, 
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tf;lucb  ig  a  modo  of  dividing  the  leael  liable  to  migajiprehen- 
gion,  the  poaitioDS  mnat  be  reveraed  at  each  obaervation,  and 
both  enda  of  the  bubble  read  in  each  position ;  for  in  this 
case,  if  any  change  has  taken  place  in  the  true  position  of 
this  zero,  the  resulting  error  will  merge  in  the  reduction  of 
the  observation.  This  mode  of  graduating  ia  generally 
practised  on  the  Continent.” 

We  proceed  now  to  the  description  of  the  most  accurate 
instruments  for  measuring  the  differencea  of  level,  or  vertical 
distances,  between  diflerent  stations. 

Since  the  introduction  of  railways,  the  astonishing  rate  at 
which  they  have  progressed,  and  the  great  amount  of  levelling 
work  involved  in,  their  construction,  have  necessarily  directed 
the  attention,  both  of  surveyors  and  instrument  makers,  to 
the  production  of  on  instrument  which  shall  combine  the 
advantages  of  expedition  in  its  use,  accuracy  in  the  results 
obtained,  and  durability  under  the  effect  of  constant  wear 
and  tear. 

The  beat  form  is  most  undoubtedly  the  Y  level ;  and  the 
best  construction  of  Y  level  has  resulted  from  the  adaptation 
of  the  Dumpy  level  to  this  form.  Wo  shall,  therefure,  pro¬ 
ceed  first  to  the  com]>lcte  description  of  the  Y  level  witli 
its  adjustments,  premising  that,  in  other  forms  of  level, 
not  possessing  the  same  facility  for  correcting  the  adjustment 
at  any  time,  the  adjustment  must  be  made  by  the  maker, 
in  the  manner  here  described,  before  finally  fixing  the  parts 
of  the  instrument;  and  dependence  must  then  be  ploced 
upon  its  solidity,  and  tlie  accurate  and  close  construction 
of  all  the  joints,  for  the  permanency  of  correct  adjustment. 

DOLLOMO'a  T  LEVEIk 

The  following  figure  represents  this  instrument,  a  is  an 
acliromatic  telescope,  resting  upon  two  supporters,  which  in 
shape  resemble  the  letter  Y,  and  are  consequently  called  the 
Y's.  The  lower  ends  of  these  supporters  are  let  perpendicu¬ 
larly  iuto  a  strong  bar,  which  carries  a  compass  box  o.  This 
compass  box  is  convenient  for  taking  beorings,  and  has  a 
contrivance  for  throwing  the  needle  off  its  centre,  when  not 
in  use.  One  of  the  Y  supporters  is  fitted  Into  a  socket,  and 
can  be  raised  or  lowered  by  the  screw  n. 

Beneath  the  compass  box,  which  is  generally  in  one  piece 
with  the  bar,  ia  a  conical  axis  passing  through  the  upper  of 
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two  )>aral]cl  p]afes,  find  tcrminnting  in  a  ball  siijiported  in  a 
socket,  iiiiniedmtely  above  tliis  upper  parallel  plate  is  o 


collar,  wliicli  can  be  Jiia*lc  to  embrace  the  conical  axis 
tightly  by  turning  the  clamping  Hcrcw  k.  and  a  slow  hori- 
x.oMtal  motion  may  then  be  given  to  the  instrument  by 
jnenns  of  the  tangent  screw  d.  The  two  parallel  plntCB  ore 
connected  together  by  the  Ijnll  and  socket  already  mon- 
lioned,  and  are  set  firm  by  four  milbhended  screws,  wliicb 
turn  in  sockets  fixed  to  flic  lower  plate,  while  tlieir  heads 
])rcs8  against  the  under  side  of  the  upper  plate,  anil  thus 
serve  the  jiurpose  of  setting  the  instrument  up  truly  level. 

Ijcneath  tlic  lower  f)arallel  jilalc  is  a  female  screw,  adapteil 
to  the  Blan-hca'I,  whicli  is  connected  by  brass  joints  with 
three  mahogany  legs,  so  cunstructed  ns,  wlicn  shut  together, 
to  foiin  one  round  stafi,  ji  very  convenient  form  for  jiorta- 
hilily,  and,  when  opened  out,  to  make  a  very  firm  stand,  be 
the  gronml  ever  so  uneven. 

'J’lie  spirit  level  J  /  is  fixed  to  the  telescope  by  a  joint  at 
one  end,  and  a  capstan-licadcd  screw  at  the  otlicr,  to  raise  or 
ilepress  it  for  niljustmcnt. 

[n  looking  through  a  telescojie  a  considerable  field  of  view 
is  embraced  ;  but  the  measurements,  indicated  by  any  instru¬ 
ment,  of  whii’h  the  telescope  may  form  a  l»art,  will  only  bava 


14 


MATHEUATlCAIi  tMSTBUUENTS 


reference  to  one  particular  point,  which  particular  point  ia 
considered  as  the  centre  of  this  field  of  view.  We  must 
therefore  place  some  fixed  point  in  the  field  of  view,  at  the 
locus  of  the  eye-piece,  and  the  point  to  which  the  measure¬ 
ment  will  liavc  reference  will  be  that  point  of  the  object  viewed, 
which  appears  to  be  coincident  with  this  fixed  point,  or 
which,  as  the  technical  phrase  is,  ia  bisected  by  the  fixed 
point. 

The  intersection  of  two  fixed  lines  will  furnish  us  with 
such  a  fixed  point,  and,  consequently,  two  lines  of  spider's 
thread  are  fixed  at  ri<;bt  angles  to  each  other  in  the 
focus  of  the  cyc-pieco.  They  are  attached  by  a  little  gum 
to  a  brass  ring  of  smaller  dimensions  than  the  tube  of  the 
lulcscope,  and  which  ia  fixed  to  the  tube  by  four  small 
screws,  a,  b,  c,  <1.  If  the  screw  d  be  eased,  while  at  the 
same  time  c  ia  tightened,  the  ring  will  be  moved  to 
the  right;  but  if  c  be  eased,  and 
d  tightened,  the  ring  will  be  moved 
to  the  left;  and,  in  a  like  manner, 
it  may  be  moved  up  or  down  by 
means  of  the  screws  a  and  b. 

When  the  instrument  is  in  adjust¬ 
ment,  the  axis  of  the  tube  of  the  tele¬ 
scope  is  set  truly  horizontal  by  means 
of  the  level  beneath  it,  and  the  line 
of  observation  ought  consequently  to 
be  parallel  to  this  axis.  Let  a  represent  the  proper  position 

I - -  of  the  intersection  of  the  cross 

-  ~  I  ^  wires,  and  o  a  the  direction 

-  of  the  axis  of  a  pencil  of  light 

passing  through  the  object-glass  and  coming  to  its  focus 
at  A.  Then,  the  axis  of  the  tube  of  the  telescope  being  set 
truly  horizontal,  the  line  a  o  is  also  truly  horizontal,  and  every 
point  bisected  by  the  intersection  of  the  cross  wires  will  ho 
vitiiatcd  on  the  prolougation  of  the  horizontal  line  a  o. 

^suppose  now  the  position  of  the  diaphragm  carrying  the 
cross  w’ircs  to  have  become  deranged,  so  that  the  point  of 
intersection  ia  moved  to  b,  then  every  point  bisected  by  the 
intersection  of  the  cross  wires  will  be  on  the  prolongation 
of  the  line  b  o,  and  will,  consequently,  be  below  the  true  level 
point  on  the  line  a  o. 

Let  now  the  telescope  be  turned  half  round  in  the  Y's,  and 
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let  the  annexed  figure  represent  it  in  its  now  position  ;  then, 
in  this  new  position  of  the 
telescope,  the  prolongation  of 
the  line  b  o  will  rise  above  the 
prolongation  of  the  level  line 
A  o,  and,  at  the  same  distance  from  the  telescope,  the  point 
now  bisected  by  the  intersection  of  the  crosa  wires  will  be  as 
uiuch  above  the  true  level  point  on  the  line  a  o,  aa  the 
point  before  bisected  by  them  was  below  it.  The  true  level 
point  is,  therefore,  midway  between  the  two  points  observed 
in  the  two  positions  of  the  telescope,  and  tlie  diaphragm 
carrying  the  cross  wires  is  to  be  moved  by  means  of  the 
screws,  a,  h,  c,  d,  till  (heir  point  of  intersection  coincides  with 
that  true  level  point.  Tlie  telescope  is  then  to  be  again 
turned  round  upon  the  Y's,  and  if  the  same  point  be  still 
bisected  by  the  intersection  of  the  cross  wires,  they  are  in 
their  proper  position  ;  but  if  not,  the  same  method  of  ad- 
justnicnt  must  be  repented,  till  the  same  point  is  bisected  by 
the  intersection  of  the  cross  wires  in  every  position  of  the 
tcloscojic. 

The  error  from  misplacement  of  the  spider-lines  has  a 
technical  dcuoniination.  The  lineo  a,  or  o  b,  from  o  to  the 
point  of  intersection  of  the  cross  wires,  is  called  the  lint 
of  collimation,  and  the  error  arising  from  their  derange¬ 
ment,  which  we  have  shown  the  method  of  detecting,  and 
correcting,  is  called  the  error  of  eolUmation. 

When  the  image  of  the  object  viewed,  formed  by  the  object- 
glnsB,  falls  cither  short  of,  or  beyond,  the  place  of  the  cross 
>\irc8,  the  error  arising  from  tins  cause  is  called  parallax. 
The  existence  of  parallax  Is  determined  by  moving  the  eye 
about  when  looking  through  the  telescope,  and  observing 
whether  the  cross  wires  change  their  position,  and  arc  flit¬ 
tering  and  undefined. 

To  correct  this  error,  first  adjust  the  eye-piece  by 
means  of  the  movable  ey'O-picce  tube,  till  you  can  per¬ 
ceive  the  cross  wire  clearly  dcBocd  and  sliarply  marked 
iigainst  any  white  object.  Then  by  moving  tbo  milled- 
lieaclcd  screw  a.  at  the  side  of  the  telescope,  the  in¬ 
ternal  tube,  a  a,  is  to  be  thrust  outwards  or  drawn  inwards, 
until  you  obtain  the  proper  focus,  according  to  the  distance 
of  the  object,  and  you  are  enabled  to  see,  at  the  same 
time,  the  object  clearly,  and  the  intersection  of  the  wirea. 
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clearlj'and  sharply  defined, before  it.  The  existence  of  parallax 
is  very  inconvenient,  and,  where  disregarded,  has  frequently 
been  productive  of  serious  error.  It  will  not  always  be  found 
sufficient  to  set  the  eye-piece  first,  and  the  object-glass  after¬ 
wards.  The  setting  of  the  object-glass,  by  introducing  more 
distant  rays  of  light,  will  affect  the  focua  of  the  eye-piece, 
aud  produce  parallax,  or  indistinctness  of  the  wires,  when 
there  was  none  before:  the  eye-picce  must,  in  this  case,  be 
adjusted  again. 

Gcnerolly,  when  once  set  for  the  day,  there  is  no  occasion 
for  altering  the  eye^piece^  but  the  ohject-glaii  will  of  course 
have  to  be  altered  at  every  change  of  distance  of  the  object. 

In  adjusting  tbe  instrument,  the  parallax  should  be  first 
corrected,  and  then  the  error  of  collimotion.  The  line  of 
collimation  being  thus  brought  to  coincide  with  the  axis  of 
the  tube  of  the  telescope,  two  further  adjustments  are  neces¬ 
sary  :  tbe  first  to  adjust  the  bubble-tube,  so  that  it  may  truly 
indicate  when  the  axis  of  the  telescope  is  horizontal ;  and  the 
second  to  set  the  axis  of  the  telescope  perpendicular  to  ths 
vertical  axis  round  which  the  instrument  turns. 

To  a^jutl  the  Buhhle-Tuhe. — Move  the  telescope  till  it 
lies  in  the  direction  of  two  of  the  parallel  plate  screws,  and 
by  giving  motion  to  these  screws  bring  the  air-bubhlc  to  the 
centre  of  its  run.  Now  reverse  the  telescope  carefully  in 
the  Y’s,  that  is,  turn  it  end  for  end  ;  and  should  the  bubble 
not  settle  at  the  some  point  of  the  tube  as  before,  it  shows 
tliat  the  bubble-tube  ia  out  of  adjustment,  and  requires  cor¬ 
recting.  The  end  to  which  the  bubble  retires  must  then  be 
noticed,  and  the  bubble  made  to  return  one-half  the  distance 
by  turning  the  parallel  plate  screws,  and  the  other  half  by 
turning  the  capstan-headed  screw  at  the  end  of  tlie  bubble- 
tube.  The  telescope  must  now  again  be  reversed,  and  the 
operation  be  repeoted,  until  the  bubble  settles  at  the  same 
point  of  the  tube,  in  the  centre  of  its  run,  in  both  positions 
of  the  instrument.  The  adjustment  is  then  perfect,  and  the 
clips  which  serve  to  confine  the  telescope  in  the  Vs  should 
be  made  fast. 

The  bubble-tube  has  sometimes  three  vertical  screws  at 
one  end  instead  of  a  single  screw  to  odjust  it.  By  this 
means  the  tube  can  be  adjusted  to  horizontal  as  well  as 
vertical  parallelism  with  the  axis  of  the  telescope.  This 
adjustment  is  tested  by  gently  rocking  the  telescope  round 
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.1.  »be  Y’s,  through  a  email  angle  on  either  aide  of  the  poeition 
it  occupies,  ^yhen  the  level-tube  is  properly  placed,  the 
correction,  if  required,  is  made  with  the  three  vertical  screws, 
by  pushing  or  pulling  the  level-tube  from  the  end  the  bubble 
travels  towards,  when  brought  round  a  small  portion  of  a 
turn  ;  a  very  alight  touch  of  the  screws  will  suffice. 

Latiliiyio  set  the  Axis  of  the  Telescope  perpendicular  to  the 
Vertical  Axisround  which  the  Instrument  turns. — Place  the 
telescope  over  two  of  the  jiarallel  plate  screws,  and  move 
them,  unscrewing  one  while  screwing  up  the  other,  until  the 
bubble  of  the  level  settles  in  the  centre  of  its  run  ;  then  turn 
the  instrument  half  round  upon  the  vertical  axis,  so  that  the 
contrary  ends  of  the  telescope  may  be  over  the  same  two 
screws,  and,  if  the  bubble  does  not  again  settle  at  the  same 
point  as  before,  half  tho  error  must  be  corrected  by  turning 
the  screw  b,  and  the  other  half  by  turning  the  two  parallel 
plate  screws  over  which  the  telescope  is  placed.  Next  (urn 
the  telescope  a  quarter  round,  that  it  may  lie  over  the  other 
two  screws,  and  repeat  the  process  to  bring  these  two  screws 
also  into  adjustment;  and  when,  after  a  few  trials,  the 
bubble  maintains  exactly  the  same  position  in  the  centre  of 
its  run,  while  the  telescope  is  turned  all  round  upon  the  axis, 
this  axis  will  be  truly  vertical,  and  the  axis  of  the  telescope 
being  horizontal  by  reason  of  the  previous  adjustment  of  the 
bubble-tube,  will  be  perpendicular  to  that  vertical  axis,  and 
remain  truly  horizontal  while  the  telescope  is  turned  com- 
])letely  round  upon  the  stand.  The  adjustment  is  therefore 
perfect. 

The  object  of  the  above  adjustments  is  to  make  the  line  of 
collimation  move  round  in  a  horizontal  plane,  when  the  in¬ 
strument  is  turned  round  its  vertical  axis,  and  the  methods 
above  cotplained  suppose  that  the  telescope  itself  is  constructed 
with  the  utmost  perfection,  so  that  the  axis  of  the  tube 
carrying  the  object-glass  is  always  in  the  same  straight  line 
with  the  axis  of  the  tube  which  carries  the  diaphragm  with 
the  cross  wires.  If  this  perfectiou  in  the  construction  of  the 
instrument  does  not  exist,  the  line  of  collimation  will  vary 
as  the  tube  carrying  the  object-glass  is  thrust  out  and  drawn 
111,  to  adjust  the  focus  for  objects  of  different  distances. 

In  the  best  constructed  instruments,  however,  of  whatever 
p.'ii.tern,  the  collimation,  having  been  adjusted  by  the  maker 
by  the  methods  detailed  above,  is  scarcely  liable  to  derange- 
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ment  aHerwarda.  Wo  do  not,  therefore,  think  much  adv'nntago 
would  be  derived  from  any  plan  of  collimating  a  hadly-con- 
fltruclcd  instrument.  If  the  axis  of  the  tube  which  carries 
the  diaphragm  moves  accurately  in  a  straight  line,  although 
this  line  should  not  be  the  same  with  the  axis  of  the  tnbo 
carrying  the  object-glass,  the  points  viewed,  when  the  focus 
is  correctly  adjusted  for  each  observation,  will^ie  in  a  straight 
line,  which  can  be  made  horizontal,  and  when  from  a  dropping 
of  the  tube  as  it  is  drawn  out,  or  a  curvilinear  motion  pro¬ 
duced  either  by  inferior  workmanship  originally,  or  from 
having  received  some  subsequent  injury,  we  know  of  no 
means  of  collimation  by  which  such  a  defect  can  be  reme¬ 
died,  and  it  can  only  be  put  right  by  the  hands  of  the  instru¬ 
ment  maker. 

Mr.  Gravatt  published  a  method  of  collimating  with  the  view 
of  removing  the  error  arising  from  imperfection  in  the  slides 
of  the  telescope,  and  at  the  same  time  eliminating  the  small 
errors  arising  from  the  curvature  of  the  earth  and  the  hori¬ 
zontal  refraction.  The  error,  however,  arising  from  the 
imperfection  of  the  slide  cannot  be  removed,  unless  the 
maker  can  improve  the  motion  of  the  tubes;  and  the  most  that 
Gravatt's  mode  of  collimating  can  do  is  so  to  divide  the  error 
arising  from  the  readings  at  different  distances  as  to  diminish 
its  importance.  With  respect  to  the  errors  arising  from  the 
curvatnre  of  the  earth  and  from  refraction,  as  they  are  almost, 
if  not  entirely,  eliminated  by  the  method  of  taking  the  levels 
from  positions  nearly  equi-distant  from  the  station  observed, 
■8  usually  practised,  the  advantage  of  considering  them  in  any 
mode  of  collimating  is  extremely  problematical. 

Wc  subjoin,  however,  Mr.  Gravatt’s  mode  of  collimating, 
which  may  be  used  to  test  the  motion  of  the  diaphragm,  if  we 
have  reason  to  fear  that  it  does  not  move  in  a  straight  line; 
but  for  levels  in  which,  as  in  the  Dumpy,  the  telescope  cannot 
be  reversed  on  its  bearings,  a  simpler  mode  of  testing,  and, 
if  necessary,  of  adjusting  the  collimation  is  to  be  preferred. 

To  examine  and  correct  the  Collimation  hy  Mr.  Gravalt't 
iltihod. — “On  a  tolerably  level  piece  of  ground,  drive  in 
three  stakea,  at  intervals  of  about  four  or  hve  chains,  calling 
the  first  stake  a,  the  second  and  the  third  e. 

“Place  the  instrument  half  way  between  the  stakes  a  and 
5,  and  read  the  staff  a,  placed  on  the  stake  a,  and  also  the 
■taff  B,  placed  on  the  stake  h  ;  call  the  two  readings  a  and  b  \ 
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then,  although  the  instrument  be  out  of  adjustment,*  yet  tbs 
points  read  off  will  be  equi-distant  from  the  earth's  centre,  and 
consequently  level. 

“Now  remove  the  instrument  to  a  point  half  way  between 
h  and  c.  Again  read  off  the  staff  s,  and  read  also  a  staff 
placed  on  the  stake  c,  which  call  staff  a  (the  one  before  called 
A  being  removed  into  that  situation).  Now,  by  adding  the 
diflference  of  the  readings  on  n  (with  its  proper  sign)  to  the 
reading  on  o,  we  get  three  points,  say  a',  b',  and  o',  equi« 
distant  from  the  earth's  centre,  or  in  the  same  true  level. 

“  Place  the  instrument  at  any  short  distance,  say  half  a 
chain  beyond  it,  and,  using  the  bubble  merely  to  sec  that  you 
do  not  disturb  the  instrument,  read  all  three  stafls,  or,  to  speak 
more  correctly,  get  a  reading  from  each  of  the  stakes,  a,  b,  e; 
c.nl]  these  three  readings  a",  b",  c".  Now,  if  the'stake  h  be 
half  way  between  a  and  then  ought  c"  — o'  — (a"— a)  to 
be  equal  to  2  [b"  — b'  — (a"— a')J  ;  but  if  not,  alter  the  screws 
which  adjust  the  diaphragm,  and  consequently  the  horizontal 
spider  line,  or  wire,  until  such  be  the  case ;  and  then  the  instru¬ 
ment  will  be  adjusted  for  collimation. 

“  To  adjust  the  spirit-bubble  without  removing  the  instru¬ 
ment,  read  the  staff  a,  say  it  reads  a'",  then  adding  (a'"  — a') 
with  its  proper  BifgA  to  b'  wc  get  a  value,  say  b'". 

“Adjust  the  instrument  by  means  of  the  parallel  plate 
•crews, ^  to  read  n"  on  the  staff  b. 

“  Now,  by  the  screws  attached  to  the  bubble-tube,  bring 
the  bubble  into  the  centre  of  its  run. 

“The  instrument  will  now  be  in  complete  practical  adjust¬ 
ment  for  level,  curvature,  and  horizontal  refraction,  for  any 
distance  not  exceeding  ten  chains,  the  maximum  error  being 
only  iVin^th  of  a  foot.” 

Gravatt's  method  of  collimating  is  objectionable  from  ita 

*  The  axis  of  the  inBtrnment  is  to  he  set  Tertical  hy  means  of  the 
psiallel  plate  screws,  by  placing  it  over  each  pair  altem.'itely,  and 
moving  them  until  the  uir-bubble  remains  in  the  same  position,  while 
the  inbtrument  is  turned  half  round  upon  its  axis. 

t  Whatever  be  the  distances  between  the  stakes  a,b,e,  the  following 
proportions  ought  to  bold,  viz. : — 

The  distance  from  a  :  &  •.  the  distance  e  to  «  i  :  b" —  b'  —  (a"—  a') 

:  o" —  d  (a" —  A') :  if  not  the  diaphragm  does  not  move  in  a  straight 

line. 

*  If  this  adjustment  he  made  by  the  screw  b,  instead  of  the  parallel 
plate  screws,  the  line  of  collimation  will  be  brought  into  iU  propot 
position  with  respect  to  the  vertical  axis. 
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needleBB  complexity  in  the  case  of  a  good  instrument,  and 
from  its  failing  to  correct  a  bad  one,  since  the  curvilinear 
motion  of  the  diaphragm,  if  any,  which  it  indicated,  can  only 
be  set  right  by  the  instrument  maker. 

To  tett  and  adjutl^if  titcttiary,  the.  Collimation  of  a  Levels 
the  following  simple  method  is  the  beat: — If  a  pool  of  water 
large  enough  be  at  hand,  drive  in  two  stakes,  three  or  four 
chains  apart,  exactly  level  with  the  aurface  of  the  water.  If 
no  such  pool  of  water  be  convenient,  select  a  piece  of  ground 
aa  nearly  level  aa  possible,  and  drive  in  two  stakes,  three  or 
four  chaina  apart,  until  the  readings  obtained  from  a  point 
midway  between  them  be  exactly  the  aame  for  each  :  then, 
if  the  instrument  have  been  set  up  with  its  axis  truly  vertical, 
the  tops  of  the  two  stakes  w’ill  be  exactly  on  the  aaiue  level,  aa 
is  the  case  with  the  atakea  in  the  pool  of  water. 

Set  up  the  instrument  in  the  line  of  the  stakes,  about  half  a 
chain  beyoud  one  of  them;  then  if  the  re.adinga  of  tl.c  staff, 
placed  alternately  on  each  of  the  stakes,  be  the  same,  the  line 
of  collimation  is  correct;  but  if  not,  alter  the  position  of  the 
diaphragm,  until  exactly  the  same  reading  is  obtained  from 
both  stakes,  and  the  collimation  will  be  adjusted. 

The  instrument  having  been  carefully  examined  and  rec¬ 
tified,  in  using  the  inBtrument  the  screw  b  Bbould  never  be 
touched;  but  at  each  station  the  parallel  plate  screws  alone 
should  be  used  for  setting  the  axis  round  which  the  instru¬ 
ment  turns  truly  verticol,  when,  in  consequence  of  the  adjust¬ 
ments  previously  made,  the  line  of  collimation  will  be  truly 
level.  For  this  purpose  the  telescope  must  be  placed  over 
each  pair  of  the  parallel  plate  screws  alternately,  and  they 
must  be  moved  till  the  air-bubble  settles  in  the  middle  of  the 
level,  and  the  operation  being  repeated  till  the  telescope  can 
be  turned  quite  round  upon  the  stand,  without  any  change 
taking  place  in  the  position  of  the  bubble,  the  instrument  will 
be  ready  to  read  off  the  graduations  upon  the  levelling  staves, 
which  we  proceed  to  describe. 

qravatt'b  Duupy  level. 

To  Mr.  Gravatt  is  undoubtedly  due  the  credit  of  having, 
in  the  construction  of  the  Dumpy  level,  led  the  way  to  all  the 
improvements  which  have  recently  been  made  in  this  instru¬ 
ment,  teiminating  in  the  improved  Y  level,  (ban  which  we 
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enn  imagine  notliin^  better  adajited  to  satisfy  all  the  re¬ 
quisites  of  a  perfect  instninicnt. 

Wo  slmll  liere  niorelv  mention  the  characteristic  points  of 
Gravatt’s  love) ;  and  its  construction,  and  mode  of  adjustment 
by  the  malccr,  as  well  as  the  metlio<l  of  using  it.  will  be  fully 
under.stood  from  the  detailed  <lescrif)tion  oi  the  Y  level  (p.  12). 

This  instrument  is  furni.slicd  with  an  object-glass  of  large 
aperture  and  short  focal  length  ;  and,  stifficieiU  light  being 
thus  obtained  to  admit  of  a  high  magnifying  power  in  the 
<-yo-jiiece,  the  advantages  of  a  mncli  larger  instrument  aro 


secured,  without  the  inconvctiience  of  its  length  ;  liuiicc  has 
arisen  the  name  of  JJiimpy,  given  to  the  instrunicnt.  'il’lia 
diaphragm  i.s  carried  hy  tlie  iiiternal  tulio,  a  a,  which  is  nearly 
equal  in  length  to  the  external  tube.  The  external  tube,  t  t, 
is  npruiig  at  it.s  aperture,  and  gives  a  steady  and  oven  motion 
to  the  internal  tube,  a,  a.  wbicli  is  thrust  out,  and  drawn  in, 
to  adjust  the  focus  for  olijocts  at  difTerent  distances,  by  nicana 
of  tbe  niillcd-headcd  screw  a.  The  spirit  level  is  jjlaccd 
above  ilic  telescojiG,  and  attached  to  it  bv  capstan-beaded 
hcrew  s,  one  at  eitlier  end,  l>v  means  of  wliich  the  bubble  can 
be  lirouglit  to  the  centre  of  its  run. 

'I’lie  tolcscojic  is  attaclied  to  a  lK)fizon(al  bar,  but  room  is 
just  left  between  the  telescope  and  ilie  bar  for  the  compass- 
hox.  Ty  this  means  the  in.stmnient  is  renilered  very  firm  and 
compact,  in  comjiari.son  wiiij  the  old  instrument,  in  wbicli 
the  level  was  jilncod  iielow  the  telescope. 

A  cross  level,  /.■,  is  placed  upon  the  telescope  at  right 
angles  to  tbe  principal  level,  I,  1.  by  vvliich  we  are  enabled  to 
set  tbe  instrumejit  up  at  once  with  tlic  axis  nearly  vertical. 
This  is  intended  to  give  tbe  advantages  of  expedition  in 
flofting  the  instrument,  and  saving  in  the  wear  and  tear  of 
the  parallel  jdate  screu.s.  From  its  extreme  shortneas, 
however,  it  does  no*  jieiforni  its  duty  well,  and  to  give  it 
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greater  length,  to  a  sufficient  extent  to  be  really  useful,  would 
be  very  inconvenient,  and  it  would  be  then  very  liable  to 
disarrangement. 

A  mirror,  m,  mounted  upon  a  hinge-joint,  is  jdneed 
at  the  end  of  the  level  /,  so  that  the  observer,  while 
reading  the  staff,  can  at  the  same  time  see  that  the  in¬ 
strument  retains  its  proper  position — a  precaution  by  no 
tueans  unnecessary  in  windy  weather,  or  on  bad  springy 
ground. 

The  telescope  is  attached  to  the  horizontal  bar  by  capstan- 
headed  screws,  n,  n,  by  which  the  line  of  collimation  is  set 
perpendicular  to  the  vertical  axis  ;  and  the  instrument  is  set 
up  upon  parallel  plates,  as  will  be  understood  from  the 
description  of  the  V  level. 

ELLIOTTS  iMpnoven  Duiiry  level 

In  Gravatt’s,  as  in  levels  previously  constructed,  the  level, 
telescope,  and  horizontal  bar  were  made  in  one  ])iece,  and  the 
parallel  plate,  with  conical  axis,  formed  a  head-piece  to  which 
the  former  was  screwed  when  in  use.  Now  a  tighter  or 
slacker  connection  between  the  telescope  and  the  parallel 
plate  portion  of  the  instrument  would  produce  a  disparage¬ 
ment,  which  would  manifest  itself  in  the  impos-sibility  of 
making  the  bubble  maintain  the  centre  of  its  run,  whilst  the 
instnniient  was  turned  completely  round  on  its  axis,  h'or 
this  reason  it  is  imperative  always,  in  levels  so  fixed  to  the 
jinrallel  ])latcs,  to  turn  them  constantly  to  the  right,  and  never 
to  the  left,  in  adjusting  them  and  ))ointing  them  for  use.  If 
they  were  often  turned  to  the  left,  not  only  would  their  cor¬ 
rectness  be  certainly  injured,  but  they  might  even  get  screwed 
off,  and  foil. 

In  the  level  now  under  consideration,  the  horizontal  bar 
and  conical  axis  are  in  one  piece,  and  cannot  be  disunited, 
so  that  the  level,  telescope,  and  parallel  plates  are  not  adapted 
for  separation,  or  liable  to  the  disarrangement  which  accom¬ 
panies  it.  Secondly,  tlie  horizontal  bar  is  made  so  as  to  have 
its  principal  thickness  and  strength  in  the  vertical  direction, 
and  not  in  the  horizontal,  where  there  is  neither  any  strain 
nor  any  material  injury  that  could  be  produced  by  a  strain. 
Thirdly,  the  cross-level  k  is  removed,  and  a  circular  level 
it  placed  below  the  telescope  instead  of  the  compass  box. 
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This  adds  considerably  to  the  aimplicity  and  compactncaa  of 
the  instrument;  and  this  form  of  level,  being  equally  sensi¬ 
tive  in  every  direction,  is  admirably  adapted  for  the  first 
rough  adjustment  of  the  instrument  by  moving  the  legs  of 
the  tripod  stand. 

In  levelling,  the  ground  passed  over  has  always  been  pre¬ 
viously  surveyed,  and,  besides,  the  bearing,  if  required,  can 
he  talcen  with  a  pocket  compass  of  the  ordinary  construction, 
or  with  a  prismatic  compass,  better  than  with  one  attached  to 
the  level 

THE  IMPnOVBD  DDUPT  Y  LEVEL. 

This  instrument  differs  from  the  improved  Dumpy  level 
last  described  only  in  resting  tbe  telescope  upon  Y-shaped 
bearings  attached  to  the  hcrizontnl  bar,  instead  of  being 
permanently  fixed  to  this  bar;  and  when  in  adjustment,  the 
telescope  is  held  in  position  by  clips  attached  to  the  Y’s. 
One  of  the  Y  supporters  may  be  fitted  in  a  socket,  as  in  the 
ordinary  Y  level,  already  described,  and  may  be  raised  or 
lowered  by  a  capstan-headed  screw;  or  tbe  required  effect 
may  be  produced  by  carefully  rubbing  off  slight  portions  of 
the  surface  of  one  of  the  Y’b. 

LEVELLING  STAVES. 

The  best  constructed  levelling  staff  consists  of  three  parts, 
which  pack  together  by  sliding,  in  a  neat  manner,  and,  when 
drawn  out  for  use,  make  a  staff  from  14  to  17  feet  long ;  the 
bottom  joint  is  about  four  inches  wide ;  and  the  whole  length 
is  divided  into  hundredths  of  a  foot,  coloured  black  and  white 
alternately.  The  feet  and  tenths  are  numbered,  the  figures  for 
the  tenths  being  always  painted  black,  while  those  for  tbe 
feet  are  distinguished  by  tlieir  larger  size,  and  often  also  by 
being  painted  red.  In  the  annexed  figures,  Fig.  1  shows  the 
whole  of  one  foot,  reduced  to  one-fourth  of  the  actual  size,  and 
Fig.  2  shows  a  length  of  sixteen  -hundredths  of  a  {ooi,  full  size. 
Every  alternate  tenth  is  numbered  with  a  figure,  the  length  of 
which  exactly  occupies  a  tenth  :  the  top  of  the  figure  1,  fop 
instance,  being  exactly  in  line  with  the  top  of  tbe  black  divi¬ 
sion,  which  measures  one-tenth  of  a  foot  from  the  base  of 
the  staff,  and  the  bottom  of  the  figure  3  being  iu  line  with  the 
top  of  the  black  division,  which  measures  two-tenths  of  a  foot 
from  the  base.  It  will  also  be  seen  that  all  tho  horizontal 
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lines  in  the  figures  are  also  in  line  witli  some  particular  hun- 
dredths  on  the  scale:  the  bottom  of  the  top  stroke  of  tlic  3 
Aviih  twenty-eight  hundredths,  the  top  of  central  portion  with 
twenty-six  linndrcdths,  the  bottom  of  tliis  portion  with  twenty- 
five,  and  the  top  of  the  bottom  portion  witli  twenty-two  liun- 
dredths.  This  arrangement  is  an  assistance  in  reading  the 
division  ofi‘,  and,  when  long  sights  arc  required,  every  assist¬ 
ance  of  tliig  kind  is  valuable.  All  the  even  hundredths  roach 
to  the  toj)  of  a  black  stroke,  and  all  tlio  odd  hundredths,  to  the 


bottom  of  a  black',  or  top  of  a  white  stroke.  The  graduations 
for  feet  may  also  be  made  additionally  conspicuous  by  pain'ing 
A  liorder  on  the  left  band  side  oi  tliu  stall*,  alternately  black 
and  white,  tlie  black  and  wliire  divisions  each  occupying  iha 
length  of  a  foot,  and  a  vertical  white  hand,  about  three-eiglitlia 
of  an  inch  wide,  being  left  between  tlic  border  and  tlic  column 
of  graduations. 

It  is  (o  bo  observed  that,  wlien  viewed  through  tlie  tele* 
scope,  tlic  staff  appears  inverted,  as  well  as  the  figure  upon 
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it,  tlie  telescope  Imving  an  astrononiicnl  cyc-])iccc,  to  avoid  the 
loss  of  light  that  would  bo  incurred  by  tlie  use  of  a  terrestrial 
or  erecting,  eyc-]>icce.  M’liis  produces  no  inconvenience,  the 
eye  soon  becoming  fniniliar  witli  their  ajipoarance  in  this 
form,  and  readily  reading  the  figures  downwards,  as  iti  fact 
;in  upward  measurement  from  the  ground. 

Levellxng. — The  operation  of  determining  the  difference  of 
level  between  two  siationa,  by  observations  made  at  a  single 
station,  is  called  himplc  IctelUng,  and  is  performed  as  lol- 
lowa : — 


Let  A  and  h  be  two  points  wlmse  difference  of  level  U 
required,  riant  the  instrument  at  n,  and  adjust  it  to  a  liori- 
contal  position.  Head  oft'  a  c,  tbc  licight  of  a  staff  held  at  a, 
then  turn  the  telescope  round  and  read  oft'  k  ji,  tlje  height  of 
a  similar  staff,  or  of  the  same  stafl'  held  at  n.  'J’lien  a  t  in  tlie 
height  of  K.  the  axis  of  the  telescope  above  the  point  a,  and 
R  n  is  the  height  of  k  above  another  point  n  ;  and  it  is  clear 
that  E  n  —  A  c=o  ii,  the  dificrcncc  of  level  between  a  and  n. 

In  thi.s  oj)eration  tlie  station  a,  at  which  the  staff  is  first 
read  ofl',  is  called  the  back  station,  and  the  station  n  is  c.-dlutl 
the  fore  station;  and,  if  the  rending  of  the  stafl  at  ll»o  back 
station  be  greater  than  that  at  the  fore  station,  the  difference 
of  level  is  called  a  rise;  but  if  tlie  reading  at  the  hack 
.ttntion  be  less  than  tliat  at  the  foro,  as  in  the  example  just 
given,  the  difference  of  level  is  called  a  fall. 

^Vhen  from  the  nature  of  the  ground,  or  the  great  dislnnce 
between  the  two  points,  they  cannot  both  be  observed  from  a 
single  fl}iot,  a  series  of  simple  levels  must  be  taken,  the  fore 
station  at  each  operation  being  made  the  back  Juaiion  at  the 
next  operation  ;  and  from  the  combination  of  all  tlie  results 
tlius  obtained  the  required  difference  of  level  is  found. 
In  these  operations,  care  must  be  taken,  in  going  over  soft 
ground,  lest  tlie  staff  at  the  fore  station,  when  turned  round 
to  be  read  as  the  staff  at  the  back  station  in  the  next  opera¬ 
tion,  should  siuk  farther  into  the  ground  ;  and,  to  prevent  this, 
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llie  foot  of  tile  staff  must  be  placed  upon  a  flat,  bard  substance 
as  a  piece  of  slate  or  tile.  There  is  a  simple  instrument  called 
a  tripod,  sold  for  this  purpose  by  the  instrument  makers,  bein^ 
limply  a  plate  of  iron  with  n  small  rounded  projection  in  the 
centre,  two  small  spikes  at  the  aide  to  fix  it  in  its  place,  and 
a  short  chain  to  lift  it  by,  when  the  staff-holder  wishes  to 
remove  from  his  place. 

In  determining  by  this  method  the  difTcrcnce  of  level  be¬ 
tween  two  distant  points,  it  is  immaterial  by  what  route  we 
proceed  from  one  to  another,  so  that  such  spots  may  be  selected 
for  the  intermediate  stations  as  are  most  convenient  for  the 
purpose.  The  bearings  of  the  stations  from  the  instrument 
are  also  matter  of  indifference;  but  the  more  nearly  the  in¬ 
strument  is  equidistant  from  the  two  stations  observed  at  each 
operation,  the  more  correct  will  be  the  result  obtained,  the 
errors  in.the  back  readings  compensating,  for  the  most  part, 
tbe  errors  in  the  fore  readings,  whether  the  errors  arise  from 
refroction*  and  curvature, t  or  from  the  imperfect  adjustment 
of  the  instrument.  The  sum  of  the  distances  from  the  instru¬ 
ment  to  tlie  fore  stations  should  also  be  nearly  equal  to  the 
sum  of  those  to  tlie  back  stations. 

If,  then,  the  object  be  only  to  obtain  the  difference  of  level 
of  two  points,  we  have  only  to  record  in  two  separate  columns 
the  readings  of  the  staff  at  the  back  stations  and  fore  stations 
respectively,  and  tlie  difference  of  the  sums  of  these  readings 
will  he  the  difference  of  level  required.  Thus,  if  the  differ¬ 
ence  of  level  between  two  points  a  and  n  be  required,  and  if 
tlie  readings  at  a  and  b,  and  three  intermediate  stations  0  1, 
0  2,  0  3,  he  recorded  as  follows,  viz. : — 

*  The  error  of  refraction  is  that  arising  from  the  bending  of  the  mji 
of  light  during  their  paii5ugo  through  tlio  atmosphere,  and  makes  all 
objects  appear  higher  than  they  rcully  are. 

t  The  object  of  levelling  is  to  determine  points  upon  a  spherical 
surface  or  equally  distant  from  the  earth's  centre,  or  to  dotermioe  the 
ditfcrcnc^  of  the  distances  of  a  series  of  points  from  the  earth's  centre. 
The  line  of  sight,  or  prolongation  of  tbe  line  of  colliination,  however, 
is  a  tangent  to  the  sphcricjl  surface,  and  therefore  the  points  observed 
upon  this  line  are  really  above  tho  level  of  the  point  of  observation. 
The  correction  for  curvature  is  therefore  additive,  while  that  for  refraa* 
tioD  is  subtractiva. 
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Rcadinj*  of  flLtfT  at 


Back  O  1 

Fore  O 

Fe«t. 

Feet. 

A 

.  365 

5-80  Reading  of  staff  at 

Q  1 

0  1 

.  2-0.5 

8-50  „ 

O  2 

G2 

.  3-80 

840 

G  3 

G  3 

.  6-28 

14-35  „ 

a 

14-87 

37  05 

22-18 

Then  22'18  feet  u  the  fall  from  a  to  d,  or  a  is  22'18  feet  above  b. 


W'lien,  however,  it  >b  required  not  only  to  find  the  difference 
of  level  between  two  distant  points,  but  to  make  such  obser¬ 
vations  as  shall  enable  ue  tf)  draw  a  section,  exhibiting  the 
undulations  of  the  ground  along  some  specified  route  from  the 
one  point  to  the  other,  then  the  stations  must  be  so  chosen, 
that  one  of  them  shall  be  at  the  commencement  of  each  change 
in  the  inclination  of  the  ground;  the  distances  between  the 
stations  must  also  be  carefully  measured ;  and  it  is  further 
advisable  to  note  the  distances  and  bearings  of  the  stations 
from  the  instrument,  which  it  will  be  more  convenient  now  to 
place  on  a  point  in  the  specified  route  between  the  stations. 
Tlie  benrings  may  be  best  taken  with  a  prismatic  compass, 
described  hereafter  (p.  40);  but  the  compaps  attached  to  the 
instrument  will  do,  if  there  be  one,  or  any  pocket  compass 
tnny  be  used. 

In  drawing  the  section,  it  is  the  horizontal  distances 
between  the  several  stations  that  must  be  laid  down.  For 
short  distances,  or  over  very  irregular  ground,  such  horizontal 
measurements  may  be  obtained  by  bidding  an  assistant  hold 
one  end  of  a  measuring  tape  close  to  the  ground  at  the 
highest  end  of  the  distance,  and  holding  the  other  end  above 
the  ground,  stretching  the  tape  in  a  horizontal  line,  a  stone 
let  fail  from  this  end  then  marking  upon  the  ground  the  point 
to  which  the  measurement  reaches.  But,  when  the  ground 
rises  and  falls  in  long  regular  slopes,  the  measurements  should 
be  taken  along  the  slopes,  and  then  be  reduced  to  horizontal 
distances  by  calculation.  If  the  rise  or  fall  is  but  alight,  this 
reduction  may  be  altogether  disregarded,  the  difference  be¬ 
tween  the  horizontal  and  hypothenuaal  measurements  not 
exceeding  the  limits  of  error  in  tbo  measurements  themselves 
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In  tbe  first  column  are  entered  the  distances  between  the 
several  stations,  which,  being  successively  added  to  the  pre¬ 
ceding  total,  give  the  total  distances  of  each  station  from  the 
starting-point;  in  the  next  column  are  entered  the  distances 
of  the  stations  from  the  instrument;  and  in  the  third,  are 
entered  the  bearings  of  the  stations  from  the  instrument.  In 
tliG  fourth  and  fifth  columns  are  entered  the  readings  of  the 
staves ;  and  in  the  sixth  column  the  heights  above  datum  of 
the  several  stations  are  computed,  by  adding  the  buck  rending 
to  the  height  last  found,  and  subtracting  the  fore  reading  from 
the  sum.  The  seventh  and  eighth  columns  are  added  fur  per¬ 
forming  the  reduction  of  the  measured  distances  to  horizontal 
distances,  when  the  slope  is  sufRcient  to  render  this  reduction 
necessary.  In  carrying  forward  the  distances  to  the  next 
page  of  the  book,  the  total  reduced  horizontal  distance  should 
be  carried  to  the  top  of  the  first  and  second  columns,  instead 
of  the  total  measured  distance  along  the  slope  ;  but  such  sub¬ 
stitutions  should  not  be  made  at  any  other  part  of  the  page, 
as  it  would  interfere  with  the  proof  of  the  distances  by  adding 
np  the  second  column,  which  ought  to  produce  the  last  dis¬ 
tance  entered  in  the  first.  The  levels  are  proved  by  sub¬ 
tracting  the  sum  of  the  numbers  in  the  fifth  column  from  the 
sum  of  the  numbers  in  the  fourth,  when  the  remainder  should 
be  the  height  above  datum  of  the  last  station,  recorded  at  the 
bottom  of  the  sixth  column. 

To  facilitate  the  reduction  of  the  measured  distances  to  the 
corresponding  horizontal  distances,  the  following  table,  show¬ 
ing  the  reduction,  upon  each  100  feet,  for  each  foot  difference 
of  level,  should  bo  inserted  in  the  field  book  : — 


DilTer^nee  of 

Level  in  lOc 
fcvl  (liUance. 

llrtliiclion 

U]>on  100  feet 
of  diatanee. 

Difference  of 

Level  in  100 
feeidiaiaoce. 

IM 

Rcdintion 

up  n  100  feel 

of  (iiataiice. 

4 

0  08 

13 

0'85 

22 

2*45 

6 

0  13 

14 

0-08 

23 

2  68 

6 

0  18 

15 

1  13 

21 

2  9*2 

7 

0*25 

16 

1-29 

25 

318 

8 

0-32 

17 

1-46 

26 

3  44 

g 

0  41 

18 

1-63 

27 

3  71 

10 

0  50 

10 

1-82 

28 

4  00 

11 

0-61 

20 

20 

4-30 

12 

0-72 

21 

2  23 

30 

4-61 

When  it  is  required  to  plot  the  section  on  a  large  scale. 
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And  to  show  every  undulation  of  the  surface,  it  is  not  neces¬ 
sary  to  remove  and  re-set  the  instrument,  to  obtain  the  height 
above  datum  of  every  point  necessary  to  be  known  for  this 
purpose;  but,  besides  reading  the  staff  at  the  back  and  fore 
stations,  it  may  be  read  off,  from  the  same  place  of  the  instru¬ 
ment,  at  as  many  intermediate  points  as  may  be  deemed 
desirable  ;  and  these  readings,  being  entered  both  as  back  an'i 
fore  readings,  will  produce  the  same  effect,  as  back  and  fore 
readings  of  the  same  points,  obtained  in  different  positions  of 
the  instrument.  The  distances  of  these  points  from  the  in- 
struiuont  should  be  omitted  from  the  second  column;  but,  the 
distances  between  them  being  entered  successively  in  the  first 
column,  their  respective  distances  from  the  instrument  may  at 
any  time  be  determined,  if  required.  The  height  of  the  in¬ 
strument  itself  may  be  entered  in  this  way  as  an  intermediate 
sight ;  and  as  the  same  height  that  is  added  as  a  back  reading, 
is  subtracted  again  as  a  fore  reading,  any  error  in  this  reading 
will  not  at  all  affect  the  levels  afterwards  taken,  and,  provided 
it  be  not  greater  than  the  limit  within  which  distances  can  be 
laid  down  and  estimated  upon  the  plot,  is  of  no  moment. 
Now,  in  taking  the  section  of  a  line  of  any  considerable  extent, 
the  scale  is  seldom  snfficientlv  large  to  admit  of  less  than  six 
inches  being  laid  down,  or  estimated,  upon  the  plot,  and,  con¬ 
sequently,  an  error  of  two  or  three  inches  in  the  intermediate 
sights  would  be  immaterial,  ^^'l)en  observations  are  made 
out  of  the  line  to  be  levelled,  in  order,  for  instance,  to  obtain 
the  height  of  this  line  above  neighbouring  rivers,  canals, 
roads,  d:c.,  the  readings  are  to  be  entered  in  the  same  manner 
as  for  other  intermediate  sights;  and,  the  columns  of  bearing 
and  distance  being  left  blank,  no  mistake  can  be  made  iu 
drawing  the  section.  The  bearing  and  distance  of  such  points, 
if  desirable  to  be  noted,  must  be  entered  in  the  space  left  for 
remarks. 

For  the  purpose  of  reference  on  any  future  occasion,  in 
order  either  to  check  the  accuracy  of  the  levels  already  ob¬ 
tained,  or  for  the  convenience  of  commencing  a  new  series  in 
some  other  direction,  marks  should  be  left  upon  some  con¬ 
venient  fixed  points,  upon  which  the  staff  has  been  held,  and 
the  reading  noted  with  the  greatest  possible  care.  These  bench 
marks,  as  they  are  called,  should  ordinarily  be  left  at  about 
every  half-mile  of  distance,  and  may  be  either  on  or  off  the 
line.  In  the  latter  case  the  readings  are  to  be  recorded  in 
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tlio  manner  already  explained  for  points  out  of  tlie  line.  'J'1)0 
hoolcs  and  tops  of  gales,  copings,  sills,  or  steps  of  doors,  d:c., 
fire  commonly  used  for  bench  marks,  and  the  mark  must  be 
made  exactly  on  the  point  upon  which  the  stall'  has  been  held. 
A  stout  Blake  may  be  driven  into  the  ground  for  a  bench 
mark,  and  is  by  many  persons  preferred  to  any  other. 

"NMien  a  section  of  considerable  length  is  to  be  j)lottod.  the 
horizontal  distances  cannot  be  laid  down  on  as  large  a  scale 
ns  is  necessary  for  tlic  vertical  heights  above  datum,  in  order 
that  the  section  may  bo  of  any  practical  use,  wiiliout  making 
the  plot  of  most  nnwiebly  dimensions.  It  is  tli<  reforc  usual 


to  make  the  vertical  scale  niueli  larger  than  ihe  liuiizontal 
one  :  tlius  1  inches  to  a  mile  for  the  horizontal  distances,  with 
one  inch  to  100  feet  for  the  vertical  distances,  is  a  usual  com- 
binalion.  In  the  QCcom|ianviiig  figure  we  have  drawn  tlie 
jiortion  of  a  fcction,  from  tlie  portion  of  the  field  book  at  page 
29,  making  use  of  a  scale  of  1  inch  to  800  feet  for  the  hori¬ 
zontal  distances,  and  of  a  scale  of  1  incli  to  2(i0  feet  fur  the 
vertical  distances. 

A  G  is  ruled  for  the  datum  line;  on  it  arc  set  off  from  a  the 
horizontal  distances  at  the  points  u,  i>,  e,  e,  o,  according 
to  the  horizontal  ocalc  of  1  incli  f-r  each  800  fccr.  and 
through  the  points  a,  i«,  c,  d,  e,  f,  and  c,  are  drawn  lines 
AO,  si),  &c.,  perpendicular  to  a  o ;  on  these  lines  arc  set  off  the 
vertical  distances  to  the  points  a.  h,  c,  &c.,  according  to  the 
vertical  scale  of  1  inch  for  each  2U0  feet;  and  the  line  a  g, 
passing  through  all  the  points  a,  b,  c,  d;c.,  will  represent  the 
required  section,  A  line  is  drawn  between  the  stations  e 
and  F  at  the  proper  distance  from  tlie  datum  line,  to  represent 


FOR  SIEASURING  VERTICAL  DlfiTANCES. 


83 


the  level  of  tlie  canal ;  aiul  proceeding  in  this  manner,  and  mak¬ 
ing;  any  remarks  that  may  seem  desirable,  opposite  the  cor- 
icspoiicling  pointcs  of  the  section,  the  work  will  be  completed. 

LEVELS  ton  GONTOfUlN'G,  DllAfN'ING,  ETC. 

Having  now  c.xjilaincd  tlic  construction  and  use  of  (he  most 
j'crfoct  instrument  for  tracing  the  level  of  any  portion  of 
country,  wc  proceed  to  notice  instruments  adapted  for  use  in 
eases  wliere  rnjddity  of  e.xccution  is  of  greater  importance 
than  minute  accuracy. 

THE  WATER  LEVEL. 

A  very  simple  instrument  of  tliis  kind  is  the  water  level. 
It  can  lie  made  anv\\liere,  and  hy  any  workman,  costs  but  a 
few  shillings,  and  requi."cs  no  .adjustment  when  using  it. 


<7  h  is  a  Imllow  tube  of  brass,  about  Inalf  an  inch  in  diameter, 
and  about  feet  hmg ;  c  and  d  are  short  pieces  of  brass  tube, 
of  larger  diameter,  into  whirh  the  long  tube  is  .soldereil.  and 
ai  for  the  purjio.se  of  receiving  tlie  two  small  hnltles,  e  ami  f, 
the  ends  of  wliiuli,  after  the  l»ottom3  have  been  cut  oil,  by 
t>iiig  a  jiiece  of  string  round  them  when  healed,  arc  fi.xcd  in 
their  positions  bv  putts*  or  white  lead;  the  jTojccting  short 
axis,  </,  works,  in  the  ii^strutiieiit  from  wldeli  the  alcctclt  was 
taken,  in  a  liollow  brass  cylinder,  A,  wldcli  forms  tlie  top  ut  a 
htiuiil,  used  f<ir  observing  with  a  repeating  circle  ;  but  it  may 
lie  made  in  a  sarietv  of  ways,  so  as  to  revolve  on  any  light 
)><-rtable  srand.  'J’lie  tube,  when  rctpiired  for  use.  is  filled  witti 
natcr,  colonretl  with  lake  or  indigo,  till  it  nearly  reaches  to 
the  necks  of  tin;  bottles,  wltieh  are  then  corked  for  the  con¬ 
venience  of  carriage.  On  setting  the  stand  tolerably  level  by 
the  eye,  these  corks  are  both  withdrawn,  which  must  be  dona 
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carefvilly,  and  when  the  tube  is  nearly  level,  or  the  water  will 
be  ejected  with  violence;  and  the  surface  of  the  water  in  tho 
bottles,  being  necessarily  on  the  aanie  level,  gives  a  horizontal 
line  in  whatever  direction  the  lube  is  turned. 


THR  RFFLECTINO  LEVEL. 

An  instrument,  however,  witli  which  observations  upon 
the  level  of  a  country  may  be  more  expeditiously  made, 
and  generally  with  greater  correctness,  than  with  tlic  water 
level,  is  the  reflecting  levol.  'J’liis  iiistriunent  cotisihis 
merely  of  a  piece  of  common  looking-glass.  I  I,  I  inch 
square,  set  in  a  frame  fixed  avainst  a  jihite  of  metfil 
weighing  about  a  pound,  amt  Huspemled  from  a  ring,  r,  by  a 
twisle*!  wire,  so  tli;iL  it  may  swing 
frerly,  but  not  turn  r“Uiid  on  it.;  axi.s 
of  snspeiiHioji.  A  fine  silk  thread,  (  (, 
is  Htrc'tched  acro.ss  iIkj  centre  of  tlic 
mirror,  ami  a  gmall  (qiening.  o,  is  at 
one  aide  of  the  mirror. 

'I’lie  iiiL’truuicnt  i.s  adjusted  a.s  follows. 
It  is  Riispemled  at  about  iVj  yards  in 
front  of  a  wall.  'I'lie  obyerver  looks  into 
the  mirror,  and  brings  bis  eye  into  such 
A  position  lliat  its  imago  is  bisected  by 
the  silk  thread  tt  \  ami  the  point  u]>on 
the  wall,  .seen  tlir(»Mgli  tho  cjionlng.  o, 
whicli  coincides  willi  iho  .sill;  tbreml,  ii 
inarlicd  upon  the  wall.  'I'lie  mirror  is  tlmn  lurned  r(jui;d,an<l 
when  the  silk  thread  again  Iiiaect.s  the  image  of  the  observer’s 
eye,  the  ])oint,  the  reflection  of  whicli  in  the  mirror  now 
coincides  with  (his  thread,  is  also  marked  ujjon  ilio  \sall. 
Lastly,  tho  middle  point,  between  the  two  thus  found,  is 
marked  ujion  the  wall ;  and,  by  turning  a  screw,  s,  tlic  centre 
of  gravity  of  tho  instrument  is  altered,  till  tlie  mirror  hangs 
so  that  tlic  reflection  of  the  last  mark  comes  u))on  the  thread, 
u’lien  the  observer’s  eye  is  also  biscctcil  by  it.  d’lie  instrument 
will  now  be  in  perfect  adjustment,  and,  vvlion  the  imago  of 
the  eye  is  brought  upon  the  tlircad,  all  jioints  bisected  l»y  the 
thread,  whether  seen  by  reflection,  or  directly  tlin  ugh  tlic 
opening  o,  will  be  on  the  same  level  with  the  eve  of  tlio 
observer. 

The  obaej'vations  may  be  made  ciihcr  by  holding  the 
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instrument  at  arm's  lengtli,  or  by  aiispcmiing  it  from  tlio 
brancli  of  .a  tree,  or  from  any  post  or  rail  of  a  eonvejiicnt 
liciglit.  Greater  accuracy  is  obtained  by  suspending  it  by 
mc.ina  of  a  frame  fitting  on  .a  three-legged  stand,  such  as 
alrc.'uly  descriliccl,  as  used  for  supporting  the  more  nccurala 
in»trnments;  but  it  must  not  })e  forgotten  that  this  instrument 
is  not  to  be  at  all  comj)ared  with  them  for  minute  accuracy  ; 
but  tli.'ii  its  advantages  are  tlie  great  rapidity  with  wbicli  it 
can  be  used,  wlietlier  in  a  very  confined  space,  or  iu  an  open 
countrv. 


lilE'nOVKn  REFLFCTISO  LEVEL. 

All  tbe  advantages  of  flte  instrument  just  described  are 
possessed  in  a  liigbcr  degree  bv  the  improved  reflecting  level, 
which  rcaen.blca  it  in  nothing  but  the  name,  and  tlie  fact  that 


/  / 


a  reflector  is  used  in  its  construction.  It  is  a  small  portaldo 
itistruinent,  which  requires  no  adjustment,  can  be  taken  from 
the  pocket  at  any  time,  ami  usei!  iinineiiintely. 

It  consists  of  a  luhe,  <i  I,  about  six  inches  long,  and  three- 
qiinrlers  of  an  iiicli  in  liiarneter ;  one  end,  a,  forming  the  eye- 
end,  licdiig  closed  hy  a  <lisc.  pierced  with  a  siglit-ljole  of  about 
the  t\>'cntii  lli  of  an  inc  h  in  diameter.  A  ^pi^it'level,  1 1,  ia 
I'laccd  c»ver  a  slit  made  in  the  tube,  so  that  the  buldde  can  bo 
reflected  fiom  a  mirror  placed  within  the  tube.  Tliis  mirror, 

fills  up  lialfof  the  tube,  and  being  inclined  to  the  axis  of  the 
tube,  at  an  angle  of  -Id  degrees,  reflects  along  the  axis,  a  ray 
falling  upon  it  at  riglit  angles  to  this  axis.  The  level,  then,  being 
so  placed  that  a  line  drawn  from  tlie  centre  of  its  run  to  the 
edge  of  the  mirror  is  at  riglit  angles  to  the  axis  of  the  tube, 
the  Imldde,  being  at  the  centre  of  its  run  when  the  axis  of  the 
tube  is  iiorizoninl,  is  tlien  seen  in  the  direction  of  the  axis  by 
an  eye  ajipliod  to  the  eve-end  of  tlie  instrument;  aiul  conse¬ 
quently,  upon  looking  through  the  tube,  that  point  of  any 
object,  whicli  is  in  coincidence  with  the  image  of  the  bubble^ 
imiHt  bo  on  the  same  level  .as  tlio  eye  of  the  observer. 

Wo  liavc  received  from  i\Icssrs.  KUiott  au  instrument,  ii 
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wliicli  the  mirror  is  made  to  fill  lialf  the  tube  on  one 
80  that  its  edge  appears  as  a  vertical  diameter,  instead  of 
being  horizontal.  A  fine  wire  is  then  placed  acro^a  tlio 
tube  at  riglit  angles  to  the  edge  of  the  mirror;  and,  when  the 


image  of  the  bubble  is  bisected  by  lliis  wire,  any  ]^oiiit,  seen 
tlirougli  the  tube  iu  coincidence  with  the  wire,  ia  on  the  f^aino 
level  SB  the  eye  of  the  observer.  'i’luB  mode  of  cunstniclion 
is  a  very  groat  imjirovement. 

The  reflecting  level  is  a  very  nsoful  IjiKlrnment  for  con¬ 
touring,  that  ia,  for  dcteiJiiining  lines  upon  the  ground,  whicli 
would  form  the  boundaricB  of  horizontal  sections  of  its  sni  faco. 
For  this  jmrpose  tlie  observer  lias  tlic  lieight  of  Ills  eye  mnrhf-d 
tipon  a  start',  and  an  assistant,  carrying  this  start,  plants  ii  ii})on 
the  ground  at  short  intervals,  and  inu\  ing  to  the  right  (;r  left, 
according  to  signalB  from  the  observer,  until  tlie  mark  is  Been 
on  a  level  with  the  observer’e  eye,  a  series  of  jtoints  (jii  tlie 
desired  contour  line  are  determined.  A  Becf)iid  mark  being 
made  upon  the  etaff  at  a  known  distance  below  tiic  first,  a 
point  diflering  in  level  from  the  contour  already  determined 
by  tliis  distance,  or  by  any  nuiltijde  of  it,  may  be  determined, 
and,  the  observer  proceeding  to  this  point,  another  contour  is 
determined  jjassing  tlirongh  it;  and  go  a  scries  of  contours  is 
ultimately  found  at  equal  difl'erencc.H  of  levc-1,  whii  li,  being  laid 
down  on  a  plan  previously  constructed,  diliiiealus  nil  the 
undulations  ot  tlie  jilot  rcprcsenic<i  by  that  ].laii.  'I'lic  dis¬ 
tances  to  the  points  at  wbich  tlic  observations  are  made,  from 
jioints  previously  determined,  ghonld  be  taken  witlj  a  mea¬ 
suring  tape,  and  tlie  points  can  tlicncc  be  easily  laid  down  on 
the  paper. 

Jjrainiug  and  Mining  Levch. — For  tlie  jiurposes  of  mining 
and  draining,  instrmnents  adapted  to  measure  the  rise  or  fall 
for  eacli  lOU  feet  of  digianccare  found  convenient,  d'lie  illus¬ 
trations  annexed,  taken  from  instruments  forwarded  to  us  by 
Jlcssra.  Ihir);c3,  give  tlic  forms  of  two  such  levels. 

In  Fig.  1,  the  tclcBCopc  a  u  ia  attaciied  at  the  objcct-cml  to 
the  bar  c  d  by'^  the  binge-joint  ii,  and  this  bar  is  attached  to  a 
second  bar  r,  by  the  spring  and  pivot  p.  The  bar  r  screws 
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on  to  an  axis  o,  fitted  to  tlic  head  of  a  tripod  stand,  and  the 
bar  c  D,  being  approximately  levelled  by  moving  the  legs  of 
the  stand,  is  brought  truly  horizontal  by  turning  the  screw  s 
until  the  level  conics  to  the  centre  of  its  run.  The  eye-end,  a, 
of  the  telescope  is  attached  to  the  bar  o  d  by  the  arc  r  r,  and 
is  moved  along  this  arc  by  means  of  a  rack  and  pinion,  moved 
by  the  screw  t.  'flio  arc  r  n  is  graduated,  to  show  the  rise 
and  fall  in  every  lUO  feet  of  distance,  and  is  read  by  means  of 
an  index  seen  through  the  small  circular  opening  e.  The 
bubble  is  adjusted  by  the  capatnn-hcaded  screw  x.  v.  / 


HI 


To  a<1jn&l  the  Bnhhle — Set  tlio  telescope  with  the  index  at 
0  ;  then,  planting  the  instrument  about  half  a  chain  beyond 
one  of  two  stakes,  driven  into  the  ground  until  their  tops  are 
on  the  same  level,  turn  the  screw  s,  until  the  same  reading 
is  obtainetl  from  a  levelling  staff,  placed  alternately  on  each  of 
the  stakes  ;  if  then  the  bubble  be  in  the  centre  of  its  run,  the 
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niljuBtnicnt  ia  perfect;  Imt  if  not,  make  it  come  to  tlic  centre 
of  its  run  by  turning  tbc  screw  x. 

'I'his  is  an  inexpensive  instrument,  and  is  used  with  great 
facility.  Fur  instance,  to  construct  a  drain  ^vith  a  given  fail 
])er  100  feet,  act  the  index  to  the  figure  indicating  tlie  given 
fall,  and  tlicn  the  differences  of  the  readings  on  a  stafT.  j)lacefl  on 
different  stations  along  tlie  route  of  the  drain,  will  indicate  tlie 


differencfs  of  the  dcptlis  to  winch  to  go  at  tlicse  points,  to  coino 
to  the  position  for  the  bottom  of  tlic  drain. 

Fig.  2  represents  a  more  expensive  instrument.  It  can  bf 
nsed  to  take  both  back  sights  and  fore  sights,  or  siglits  in 
any  direction,  since  it  is  mounted  on  parallel  plates,  and  can 
be  used  in  the  same  manner  as  a  l^umpy,  or  other  surveying 
level :  in  fact,  tho  index  being  first  set  to  zero  on  the  arc 
beneath  tlie  telescope,  the  adjustments  are  then  the  same  for 


FOB  UBiiSURlKG  AKGLEfl. 


89 


tins  instTuinent  as  for  a  Dumpy  level.  To  determine  a  line 
of  rise  or  fall,  the  graduated  arc  must  be  moved  by  means  of 
the  tangent  screw  t,  until  the  index  points  to  the  rise  or  fall 
desired.  This  instrument  can  then  be  used  in  the  same 
manner  as  the  one  last  described.  In  that  instrument,  how¬ 
ever,  there  is  no  means  of  setting  the  axis  vertical,  and,  con¬ 
sequently,  that  instrument  must  be  adjusted,  by  bringing  the 
bubble  tu  the  centre  of  its  run,  at  each  observatioQ,  though 
made  from  the  same  station. 


CHAPTER  III. 

IKSTRUMENTS  FOR  MEASDRIXG  ANGLES. 

Ih  every  map  and  plan  the  distances  and  angles  laid  down 
are  not  the  actual  distances  and  angles  between  the  points, 
tlie  relative  positions  of  which  are  intended  to  be  represented ; 
but  they  are  the  distances  and  angles  between  the  projections* 
of  those  points  upon  the  same  horizontal  plane,  and  are  called 
tlic  horizontal  angles  and  distances  between  the  points.  Now, 
if  our  surveying  instruments  were  constructed  to  measure  the 
actual  angles  subtended  by  different  objects,  the  process  of 
Calculating  all  the  horizontal  angles  from  these  observed 
angles  would  be  very  laborious  ;  but,  by  liaving  such  instrii- 
rnonla  as  will  at  once  determine  by  observation  the  horizontal 
angles,  we  are  saved  a  vast  amount  of  labour,  and  also  from 
errors  wdiich  might  creep  into  the  calculations. 


TUE  rniSUATIC  COMPASS. 

With  this  instrument  horizontal  angles  can  be  observed 
with  great  rapiditv,  and,  when  used  with  a  tripod  stand,  with 
a  considerable  degree  of  accuracy.  It  is,  consequently,  a  very 
valuable  instrument  to  the  military  surveyor,  who  can  mnka 

*  The  projection  of  a  point  upon  a  horizontal  plane  is  the  point  in 
which  a  vertical  line  through  that  point  meets  the  hoaizontiil  plane. 
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}iis  observations  with  it,  wliilc  liolding  it  in  liis  liniul,  ^Yith  nil 
the  accuracy  necessary  for  a  military  sketch.  It  is  also  a 
useful  instrument  for  filling  in  the  detail  of  an  extensive  sur¬ 
vey,*  after  the  principal  points  have  been  laid  down  by  means 
of  observations  made  ^Yith  the  theodolite,  hereafter  to  be  de¬ 
scribed,  and  for  any  purpose,  in  short,  in  which  the  portability 
of  the  instrument  and  rapidity  of  execution  arc  of  more  im- 
jiurtancc  than  extreme  accuracy. 

c  is  a  comjiass  card 
diviiled  usually  to 
ov  ry  20’,  or  tliird 
]iart  of  a  degree,  and 
having  attached  to 
its  under  side  a  mag¬ 
netic  needle,  which 
turns  upon  an  agate 
centre,  o,  fixed  in  the 
IkjX  r  ;  n  is  a  spring, 
which,  being  tonehed 
by  tlie  finger,  acts 
upon  the  card,  and 
check's  its  vibration-, 
po  ns  to  biing  it  eooncr 
to  rest,  when  making  an  observation,  h  is  tlic  f-ight-vane, 
having  a  fine  thread  stretched  along  its  opening,  by  whicli 
the  point  to  he  ohscrveil  with  the  instrument  is  to  bo 
bisected.  The  sigbt-vano  is  mounted  upon  a  hinge-joint, 
BO  that  it  can  be  turned  down  flat  into  tlic  l>nx  wlien 
not  in  use.  r  is  the  prism,  attached  to  a  plate  slid¬ 
ing  in  a  socket,  and  thus  admitting  of  being  raised  or 
lowered  at  jilcasnrc,  and  also  8np))lictl  with  a  hinge-joint, 
so  that  it  can  be  turned  down  into  the  box  when  not  in 
use.  In  the  plate  to  which  the  jiristn  is  attached,  and 
wliicli  jirojecta  licyond  the  prism,  is  a  narrow  slit,  forming 
the  aiglit  through  which  the  vision  is  directed  when  making 
nn  observation.  On  looking  through  this  slit,  and  raising  or 
.owering  the  prism  in  its  socket,  distinct  vision  of  the  divi- 
eions  on  the  compass  card  immediately  under  the  sight-vane 
is  soon  obtained,  and  these  divisions,  seen  through  the  prism, 

•  The  prismatic  compass  was  used  for  this  purpose  by  the  gontloniOL 
engaged  in  making  the  Ordnance  sutvej’s. 
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■11  apponr,  as  each  ia  aacccssivclv  brought  into  coinciilence 
with  the  thread  of  the  aight-vane  by  turning  the  instru¬ 
ment  round,  as  continuations  of  the  thread,  which  ia  seen 
directly  through  the  part  of  the  slit  that  projects  beyond 
the  prism. 

The  method  of  using  the  inatrument  is  as  follows  : — The 
sight-vane  a,  and  the  prism  r,  being  turned  up  upon  their 
hinge-joints  as  represented  in  our  figure,  hold  the  instrnment 
as  nearly  in  a  horizontal  position  as  you  can  judge,  or,  if  it  be 
used  with  a  tripod  stand,  set  it,  as  nearly  ns  you  can,  iu  a 
horizontal  position  by  moving  the  legs  of  the  stand,  so  that 
the  card  may  play  freely.  liaise  the  prism  in  its  socket,  till 
the  divisions  iipon  the  card  are  seen  distinctly  through  the 
prism,  and,  turning  the  instrument  round,  until  the  object  to 
be  observed  is  seen,  through  the  portion  of  the  slit  projcct- 
ing  beyond  the  prism,  in  exact  coincidence  with  the  thread 
of  the  sight-vanc,  bring  the  card  to  rest  by  touching  the 
spring  n  ;  and  then  the  reading  at  th^  division  upon  the 
card,  which  a]>peara  in  coincidence  with  the  prolongation  of 
the  thread,  gives  the  magnetic  azimuth  of  the  object  ob¬ 
served,  or  the  angle  which  a  straight  line,  drawn  from  the 
eye  to  the  object,  makes  with  the  magnetic  meridian.*  By 
repeating  each  observation  two  or  three  times,  and  taking 
the  mean  of  the  readings,  greater  accuracy  in  the  measure¬ 
ment  of  the  bearings  will  be  obtained  ;  and,  to  ensure  the 
most  correct  results,  the  observer,  after  observing  an  object 
tw’o  or  three  times,  should  proceed  to  the  place  of  that  object, 
and  again  observe  an  object  at  his  first  station  the  same 
number  of  times,  taking  the  readings  from  the  north  in  the 
first  case,  and  from  the  south  in  the  second,  or  vica  versa: 
the  mean  ofall  the  results  in  these  to  be  taken  as  the  correct 
reading.  This  method  will  also  detect  any  local  attraction 

•  'I’ho  magnetic  meridian  now  makes  an  angle  of  about  24®  with  the 
true  meridiiin,  at  London,  tho  north  point  of  the  comp:i8a  being  24®  west 
of  tho  true  north  point.  This  angle  is  allied  tho  variation  of  the  eom- 
pa<i9,  and  ia  diilcrcnt  at  diflerent  places,  and  .also  at  the  same  place  at 
different  times.  Since  this  variation  will  affect  equally,  or  nearly  so, 
all  azimuths  observed  within  a  limited  extent,  and  during  a  limited 
time,  the  angles  subtended  by  any  two  of  the  objects  observed,  being 
the  difference  of  their  azimuths,  will  not  bo  affected  by  tho  variation, 
and  hence  tho  map,  or  plan,  may  be  constructed  with  all  the  objects  in 
their  proper  relative  positions;  but  tho  true  meridian  must  be  laid 
down,  if  required,  by  observations  made  for  tho  purpose. 
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Oil  the  needle,  that  may  be  acting  at  the  one  etation,  and  not 
at  tiie  other.  The  magnetic  azimuth  of  a  second  object  being 
obtained  iu  the  same  manner,  the  difference  between  these 
two  azimuths  is  the  angle  subtended  by  the  objects  at  the 
place  of  the  eye,  and,  whtcli  is  an  important  point,  is  inde> 
pendent  of  any  error  in  the  azimuths,  arising  from  the  slit 
in  the  prism  not  being  diametrically  opposite  to  the  tliread 
of  the  sight'Vanc. 

For  the  pur]iosc  of  talcing  the  bearings  of  objects  much 
above  or  below  the  level  of  the  observer,  a  mirror,  n,  is  sup¬ 
plied  with  the  instrument,  which  slides  on  and  off  the  sight- 
vane,  s,  with  sufficient  friction  to  remain  at  any  part  of  the 
vane  that  may  be  desired.  It  can  be  put  on  with  its  face 
either  upwards  or  downwards,  so  as  to  reflect  the  images  of 
objects,  either  considerahly  above  or  below  the  horizontal 
plane,  to  the  eye  of  the  observer ;  and,  if  the  instrument  be 
used  for  obtaining  t4ie  magnetic  azimuth  of  the  sun,  it  must 
be  supplied  with  dark  glasses,  d,  to  be  interposed  between 
the  sun's  image  and  the  eye. 

There  is  a  stop  in  the  side  of  the  box,  not  shown  in  our 
figure,  by  touching  which  a  little  lever  is  raised,  and  the  card 
thrown  off  its  centre,  as  it  always  should  be  when  not  in 
nee,  or  the  constant  playing  of  the  needle  would  wear  the  fine 
agate  point  upon  which  it  is  balanced,  and  the  sensibility  of 
the  instrument  would  be  thereby  impaired.  The  sight-vane 
and  prism  being  turned  down,  a  cover  fits  on  to  the  box, 
which  is  about  three  inches  in  diameter,  and  one  inch  deep; 
and  the  whole,  being  packed  in  a  leather  case,  may  be  car¬ 
ried  in  the  pocket  withont  inconvenience.* 

The  compass  card  being  divided  into  3G0°,  the  degrees 
are  numbered,  in  some  instruments,  from  the  north  point 
round  by  the  east,  south,  and  w'est,  to  the  north  again,  from 
0°  up  to  300®,  consecutively,  the  0®  not  being  figured,  since 
it  coincides  with  the  300® ;  there  is,  consequently,  no  need 
to  mention  more  than  the  angular  reading,  to  describe  the 
exact  bearing,  which  is  all  easterly.  Thus,  an  object  bearing 
exactly  south-east,  would  be  fully  described  by  the  angular 

*  For  much  valuable  information  respecting  the  use  of  the  prismato 
compass,  especially  in  military  surveying  and  sketching,  vre  can  refer 
our  readers  to  a  **  Treatise  on  Military  Surveying,”  &c.,  hy  Lieutenant- 
Colonel  Basil  Jackson,  in  which  the  subject  is  bandit  with  great 
ability, 
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reading  136®,  tliat  is,  135®  from  the  north  round  by  the 
east,  and  an  object  bearing  eoutb^weat,  would  be  described 
by  the  angular  reading  225®,  that  is,  225®  from  the  north 
round  by  the  east.  In  other  instruments,  the  degrees  are 
figured  from  the  north,  round  by  the  cast,  to  the  south,  up  to 
ISO®,  and  then,  commencing  again  at  0®.  from  the  south, 
round  by  the  west,  up  to  180®  again  at  tlie  north.  The 
bearing  of  an  object  may  then  be  described  by  giving  the 
angular  reading,  with  the  direction  cast  or  west,  since  all 
bearings  reading  cast,  go  progressively  from  north  to  south, 
and  all  bearings  reading  west,  go  progressively  from  aoutli  to 
north. 

The  following  illustrations  of  the  use  of  the  prismatic 
compass  are  taken  from  Haskoll's  Practice  of  Engineering 
Field  Works,*’ 

‘*Let  A  D  and  c  d  be  portions  of  two  main  chain  lines  of  a 
survey;  it  is  required  to  fill  in  the  fencing  along  a  h  c  d  e /. 
From  the  point  take  the  bearings  of  a  n  and  of  a/,/  being 
a  station  on  the  line  c  d,  previously  fixed  on  for  this  purpose. 
Fix  on  some  object  in  the  fence  near  some  point,  for  instance, 
d,  in  line  with  a  f.  Take  also  the  bearing  of  a  b,  and  chain  to 
I,  offsetting  as  you  go  along,  and  at  b  take  the  bearing  point 
o(  ha  ;  and  \{  a  h  bear  136®  East,  then  b  a  should  bear  1363 
West.  If  there  is  a  difference  of  a  few  minutes  between  the 
readings,  take  the  mean  for  the  correct  reading.  At  b  and 
at  c  repeat  the  same  kind  of  work.  On  reaching  d,  find  this 
station  on  the  line  a  f\  take  the  bearings  of  a  and  oi  df\ 
and  whatever  number  of  degrees  one  is  eat  from  South, 
the  other  will  be  Eost  from  North.  In  the  four-sided  figure 
a  h  c  d,  the  four  angles  will  be  equal  to  four  right  angles,  or 
360®  ;  and  as,  having  the  bearings,  we  can  obtain  the  angles 
from  them,  we  can  ascertain  bow  nearly  our  bearings  make 
these  angles  equal  to  four  right  angles.  If,  as  is  almost  sure 
to  be  the  case  with  this  instrument,  we  get  some  few  minutes, 
either  over  or  under  the  four  right  angles,  divide  this  dif¬ 
ference  among  the  bearings.  It  is  also  possible,  that  from  d 
we  may  be  able  to  get  a  bearing  of  some  known  point  on  the 
line  A  B,  by  which,  when  we  come  to  plot,  we  may  check  the 
position  of  d ;  for  \(  d  g  reads  130®  West,  then,  the  plotting 
from  g  on  the  plan  of  a  line  bearing  180®  East,  will  run 
through  the  station  when  this  has  also  been  plotted.  For 
the  continuation  of  the  work  from  d  io  t  and  f,  we  have  a 
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triangle  <2  « /,  ibo  three  internal  angles  of  which  should  be 
equal  to  two  right  angles,  by  which  we  may  check  the  angles 
at  d,  €,  and  f.  It  cannot  fail  to  be  observed  that  all  the 
bearings  may,  and  should,  he  plotted  from  the  station  a, 
without  once  moving  the  protractor. 

“  As  we  consider  it  very  desirable  that  the  student  should 
make  himself  thoroughly  master  of  the  prismatic  compass, 
before  ha  engages  witli  the  principal  surveying  instrument, 
the  theodolite,  we  will  go  a  little  further  into  this  matter, 
premising,  however,  that  it  will  be  more  as  an  introduction. 


than  anything  else,  to  what  is  termed  surveying  by  traverse, 
to  which  we  shall  come  at  a  future  page.  Probably,  also,  it 
will  make  the  subject  more  familiar  to  the  reader,  when  ha 
comes  to  it. 

“At  a,  let  the  bearing  of  a  «2  be  91®  K  East,  and  the 
bearing  of  a  2,  136®  East;  note  this,  at  the  commencement 
of  the  line  dh^  before  you  commence  chaining.  On  reaching 
the  point  i,  take  the  bearing  of  h  a,  and  let  this  he  136®  5'* 
note  this  at  the  end  of  the  line,  and  take  136®  2|'  for  the 
mean,  or  corrected  bearing,  east  and  west,  of  the  fine,  a  6. 
In  the  same  manner,  let  the  mean  bearing  ot  b  c  equal  89% 
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•nd  that  of  c  equal  30°.  At  c2,  take  the  beoriug  of  d  a,  and 
let  tliifi  be  91°  10';  then  the  mean  or  corrected  bearing  ol 
a  <2,  or  y,  will  be  equal  to  91®  7|'.  The  angle  dah 
ifi  equal  to  136°  2^',  minuB  1°  7^',  or  ^  44°  55'.  The  angle 
a  he  is  made  up  of  the  anglea  a  5  m,  and  n5c;  a  5  ia 
equal  to  180°  niinua  136A  21',  or  to  43°  571';  m  5c 
being  80°,  the  angle  a  ^  c  ia  equal  to  43°  571',  plus  89,  or 
to  132°  671'.  Tlie  angle  hed  ia  made  up  of  the  anglea 
5cn,  and  kc<2;  5  c  n  ia  equal  to  180°  minua  89°,*  or  to 
91°;  and,  k  c  ci  being  30°,  bed  ia  equal  to  91°,  plua  30°, 
or  121°.  Lastly,  c  <2 a  ia  equal  to  a  <2  a  minus  a  d c ;  e  ^ a  Ii 
equal  to  91°  7i';  and,  i  d  c,  being  30°,  eda  is  equ^  to  91° 
74'  niinua  30°,  or  to  Gl°  71'.’* 

Now  44°  55'  +  132®  57J'  +  121"^  +  61®  71'  =  360° 

In  the  same  manner  we  may  check  the  triangle  def^ 
the  three  angles  of  a  triangle  being  equal  to  two  right 
angles. 

Observe  that  three  more  lines  for  filling  in  have  been  run, 
from  g,  on  a  n,  to  A,  on  c  d;  and  that  a  tie  line  has  been 
chained  from  d  to  t,  forming  a  further  check  upon  the  work ; 
for,  if  in  plotting,  d  or  t  lean  one  way  or  the  other  out  of 
position,  then  the  lino  d  x  will  not  plot  truly. 

For  the  operation  of  filling  in,  the  large  5-inch  prismatic 
compass  with  silver  ring  is  very  useful,  and,  when  once  the 
surveyor  has  become  familiar  and  bandy  with  the  use  of  the 
instrument,  it  will  give  very  close  approximations. 

To  plot  tlie  hearings,  place  the  protractor  at  a,  so  that 
A  B  shall  have  its  <lne  hearing  with  regard  to  the  magnetic 
meridian  n  h,  the  north  and  H»>nth  being  each  represented 
on  the  protr.'ict<ir  by  180°;  jirick  off,  from  a,  tlic  bearings  of 
a  f,  ab,  he,  e  d,  de,  ef  from  a  draw  af  ami  a  5,  making 
the  laUer  the  lengtli  of  the  measured  chain  line;  and  from 
5,  e,  t2,  and  t,  draw  5  c,  c  <2,  de,  and  ef,  jiarsllel  to  their 
bearings  ])rickcd  off  from  a,  and  make  them  of  lengths  cor¬ 
responding  to  the  niGasurcd  chain  tlistances. 

\Vit}i  due  attention  this  instrument  may  also  be  used  lor  a 
road  survey.  The  bearings  along  the  bends  of  the  road  are 
taken  at  the  same  time  that  the  lengths  ore  chained,  care  being 

*  A  stTnight  line  falling  on  two  parallel  straight  lines  makes  the 
two  internal  angles  on  the  same  side  of  it  together  equal  to  two 
right  anglea  ;  it  also  makes  the  alternate  angles  equal  to  one  another. 
—Luc.  Bk.  I.  Prop.  29. 
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taken,  also,  to  get  bearings  from  several  stations  to  one  or  two 
objects,  likely  to  be  visible  from  different  parts  of  tbe  survey. 
The  work  is  plotted  as  before,  by  laying  off  the  bearings  all 
from  one  point.  The  figure  illustrates  a  similar  nietbod  of 
getting  a  jilan  of  a  stream;  but  here  a  visual  line  a  b  c,  has 
been  set  off,  passing  through  two  prominent  objects,  selected 
for  the  purpose.  As  the  bearings  of  the  chain  lines 
along  the  banks  of  the  stream  are  measured,  a  few  bearings 


arc  taken  bere  and  there,  nt  different  stations,  upon  the 
prominent  objects,  and  if  convenient,  one  or  two  back 
sights  upon  the  starting-point.  If  the  chain  lines  have 
been  correctly  measured,  and  the  bearings  correctly  taken, 
these  bearings  upon  the  prominent  objects  will  all  intersect 
very  near  the  objects,  an<i  prove  the  degree  of  accuracy  of 
the  work;  and  though,  it  must  be  remembered,  we  cannot 
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expect  tlie  same  amount  of  accuracy  as  with  a  theodolite,  yet, 
if  the  prismatic  compass  be  applied  in  the  manner  we  have 
been  pointing  out,  errors  will  be  inappreciable.  The  mea¬ 
surement  of  the  bases  a  b  and  b  o  will  com^detely  check  the 
work. 

There  is  yet  another  service  to  which  the  prismatic 
compass  is  well  adapted,  which  is,  from  their  bearings,  to 
ascertain  the  angles  that  fences  make  with  chain  linos, 
more  particularly  those  straight  fences  which  do  not  re¬ 
quire  offsetting.  If,  in  the  course  of  filling  in,  such  a  fence 
be  intersected  hy  two  cliain  lines,  the  intersections,  of 
course,  fix  the  direction  of  the  fence  upon  the  plan;  and 
a  chock  upon  the  chaining  ia  afforded  by  the  use  of  the 
prismatic  compass  in  the  manner  here  mentioned.  It  may 
also  be  rendered  very  useful  in  testing  the  accuracy  of 
a  plan,  the  correctness  of  which  we  have  any  reason  to 
doubt.  Draw  two  or  threis  lines  across  the  plan,  and 
marking  on  it  the  angles  they  make  with  each,  other;  then 
in  the  held  set  out  the  corresponding  lines  with  ranging 
rods,  take  their  bearings,  and  see  if  the  angles  between 
them  agree  with  those  measured  upon  the  plan.  This  may 
also  be  done  without  rods,  by  drawing  any  line  on  the  plan 
through  two  or  three  junctions  of  fences,  setting  off  the 
corresponding  line  on  the  ground,  taking  the  angles  that 
adjacent  fences  make  with  this  line,  and  then  comparing 
these  angles  with  those  similarly  made  on  the  paper. 

THE  BOX  SEXTANT. 

This  instrument,  which  is  equally  portable  with  the  pris¬ 
matic  compass,  forming,  when  shut  up,  a  box  of  about  three 
inches  in  diameter,  and  an  inch  and  a  half  deep,  will  mea¬ 
sure  the  actual  angle  between  any  two  objects  to  a  single 
minute.  It  requires  no  support  but  the  hand,  is  easily 
adjusted,  and,  when  once  adjusted,  but  scldoiii  requires 
re-adj  listing. 

When  the  sextant  is  to  be  used,  the  lid,  e,  of  the  box  is 
taken  off,  and  scj-cwed  on  to  the  bottom,  where  it  makes  a 
convenient  handle  for  bolding  the  instrument.  The  telescope, 
T,  being  then  drawn  out,  the  instrument  appears  as  repre¬ 
sented  in  our  figure,  a,  is  an  index  arm,  having  at  its 
extremity  a  vernier,  of  which  SO  divisions  coincide  with  29 
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of  the  divisions  upon  the  gradimtcd  limb  ll ;  and  the  divided 
Bjiaecs  upon  the  limb  denoting,  each,  30  minutes,  or  half  a 

degree,  the  angles 
observed  arc  read 
off,  by  means  of  the 
vernier,  to  a  single 
minute.  The  index 
is  moved  by  turn- 
ing  the  milled  head, 
13,  wbicli  acts  upon 
A  rack  and  pinion 
within  the  box.  To 
the  index  arm  ia 
attached  a  mirror, 
called  the  index  glass,  which  moves  with  the  index  arm, 
and  ia  firmly  fixed  upon  it  by  the  maker,  so  aa  to  have 
its  plane  accurately  perpendicular  to  the  plane  in  wliich 
the  motion'  of  the  index  arm  takes  place,  and  which  is 
called  the  plane  of  the  instrument,  This  plane  is  evidently 
the  same  as  the  plane  of  the  face  ot  the  iustrument,  or 
of  the  graduated  limb  ll.  In  the  line  of  sight  of  tho 
telescope  is  placed  a  second  glass,  called  tltc  liorizon 
glass,  having  only  half  its  surface  silvered,  and  which  must 
be  so  adjusted  that  its  plane  may  be  perpendicular  to  iho 
]ilane  of  the  instrument,  and  parallel  to  the  plane  of  the  indc.x 
glass  when  the  index  is  nt  zero.  The  instrument  is  provided 
witli  two  dark  glasses,  wliich  can  he  raised  or  lowered  by 
nicana  of  little  levers  seen  nt  d,  so  ns  to  be  interposed,  when 
necessary,  between  (he  mirrors,  and  any  object  too  bright  to 
be  otherwise  conveniently  observed,  as  the  sun.  Tlic  eye- 
end  of  tlio  lelcsccpc  is  also  furnished  witli  a  dark  glass,  to  be 
used  when  necessary. 

Tlio  principle  upon  which  the  sextant  is  constructed  baa 
been  proved  (vol.  ii.  p.  4),  viz. :  thot  the  total  deviation  of 
A  ray  of  light,  after  reflection  successively  at  the  index  glass 
and  horizon  glass,  is  double  the  inclination  of  the  two  glasses. 
Now,  the  limb  ll,  being  divided  into  spaces,  each  of  Jo' 
extent,  and  these  spaces  being  figured  at  30'  each,  the  read¬ 
ing  of  the  limb  gives  double  the  angle  moved  over  by  the 
index  arm  from  the  position  in  which  the  rending  is  zero, 
or  double  the  angle  of  inclination  of  the  two  mirrors,  i  and  n, 
if  these  mirrors  be  parallel  when  the  reading  ia  zero.  If,  tbeo, 
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the  instrument  bo  in  perfect  adjustment,  and  any  object  be 

viewed  by  it  after  reflection  at  both  the  mirrors,  the  reading 

of  the  instrument  gives  ^ 

the  total  deviation  of  the 

rays  of  light,  by  which 

the  vibion  is  produced,  or 

the  angle  a  p  u  between 

the  bearing  of  tlie  object,  5* _ 

8,  from  the  centre  of  the 

index  mirror,  1,  and  the  bearing  of  the  reflected  image,  s',  from 
z,  the  place  of  tlie  eye,  that  is,  between  lines,  a  1  and  o'  e, 
drawn,  respectively,  from  the  object  to  the  centre  of  the  index 
glaaa,  and  from  the  reflected  image  in  the  horizon  glass  to  the 
eye.  This  angle  is  very  nearly  cr|ual  to  the  angle  a  e  u,  sub¬ 
tended  by  the  object  and  its  im.agc  at  the  pl.*ice  of  the  eye, 
difl'ering  from  it  only  by  the  small  angle  1  d  e,  subtended  at 
llic  object  hy  the  place  of  tlie  eye,  and  the  cciiirc  of  the  index 
glass.  This  small  angle  is  called  the  piirnlla.x  of  the  instru¬ 
ment,  and  is  scarcely  perceptible  at  the  distance  of  n  quarter 
of  a  mile,  while  for  distances  greater  tliau  that  it  is  so  small 
that  it  may  be  considered  to  vanish.  It  also  varies  with  the 
amount  of  deviation,  and  vanishes  altogether  whenever  the 
centre  of  tlie  index  glass  is  in  a  direct  line  between  the 
object  and  the  eye.* 

To  see  if  the  instrument  be  in  perfect  adjustment,  place 
the  dark  glass  before  the  eye-end  of  the  telescope,  and  look¬ 
ing  at  the  sun,  and  moving  the  index  backwards  and  forwards 
a  litilc  distance  on  cither  side  of  zero,  the  sun's  reflected 
image  will  he  seen  to  pass  over  its  disc,  as  seen  directly 
through  the  horizon  gliiSH,  and  if,  in  its  ji.assage,  the  reflected 
image  coniplctcly  covers  the  direct  image,  so  that  but  one 
perfect  orb  is  seen,  the  horizon  gkasa  is  perpendicular  to  the 
plane  of  the  instrumont ;  but  if  not,  the  screw  at  a  must  bo 

*  Wo  have  seen  a  method  given  for  wLut  is  called  correcting  tho 
parallax  when  an  obsorvution  is  mado  at  a  short  distance,  by  finding 
iho  doviution  at  this  disUuico,  when  tho  iniglo  between  the  object  and 
its  image  is  <-qual  to  zero;  this  deviation  being  given  by  tho  reading 
fif  tho  inHtriimcnt,  when  tho  reflected  imago  of  the  object  observed 
exactly  coincides  with  tho  object  itself,  seen  through  the  unsilverod 
part  of  tho  horizon  glass.  Thid  deviation,  howover,  is  not  tho  parallax 
even  for  a  small  angle  between  tho  object  and  its  im.'iga,  and,  if  tho 
angle  bo  not  very  suiall,  the  error  introduced  by  the  method  will  t 
groater  than  the  puruUox  iUel£ 
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turned  by  tbe  key  h  till  such  is  the  case.  The  key  1c  fits  the 
square  heads  of  both  the  screws  seen  at  a  and  d,  and  also  fits 
into  a  spare  part  of  the  face  of  the  instrument,  so  as  to  be  at 
hand  when  wanted.  Thia  adjustment  being  perfected,  bring 
the  reflected  image  of  the  sun's  upper  limb  in  exact  contact 
with  the  direct  image  of  his  lower  limb,  and  note  the  reading 
of  the  vernier;  then  move  the  index  back  beyond  the  zero 
division  of  the  limb,  till  the  reflected  image  of  the  sun’s 
lower  limb  is  in  exact  contact  with  the  direct  image  of  his 
upper  limb,  and,  if  the  zero  of  the  vernier  be  now  exactly 
as  far  behind  the  zero  of  the  limb,  as  it  was,  at  the  former 
reading,  in  front  of  it,  so  that  the  reading  now  on  the  part  of 
the  limb  called  the  arc  of  exceKS,  behind  its  zero  division, 
is  the  same  as  the  former  rending,  the  instrument  is  in 
perfect  adjustment ;  but,  if  not,  half  the  difference  of  the  two 
readings  is  the  amount  of  the  error,  and  is  called  the  index 
error,  being  a  constant  error,  for  all  angles  observed  by  tlie 
instrument,  of  excess,  if  tbe  first  reading  be  the  greatest, 
and  of  defect,  if  the  second  reading  on  tbe  arc  of  excess  be 
tlie  greatest. 

In  the  former  case,  then,  the  true  angle  will  be  found  by 
subtracting  the  index  error  from,  and  in  tho  latter,  by  adding 
it  to,  tlic  reading  of  the  inetrnment  at  every  observation. 

This  method  of  correcting  for  the  index  error  is  to  be  used 
with  the  larger  instrunients,  bereofter  to  be  described  under 
the  head  of  Astronomical  Instruments ;  but  in  the  box 
sextant,  this  error  should  be  removed  by  applying  tlie  key 
h  to  the  screw  at  and  turning  it  gently,  till  both  readings 
are  alike,  each  being  made  equal  to  half  tlie  sum  of  the  two 
readings  first  obtained.  When  this  adjustment  is  perfected, 
if  the  zeros  of  the  vernier  and  limb  are  made  exactly  to  coin¬ 
cide,  the  reflected  and  direct  image  of  the  sun  will  exactly 
coincide,  so  as  to  form  but  one  perfect  orb,  and  tbe  reflected 

*  In  rending  an  angle  upon  tbs  arc  of  ezccas,  the  division  to  read  on 
tho  limb  is  that  next  in  frontof  tbe  zero  of  tho  vornier,  or  between  the 
zero  of  the  vernier  and  tbe  zero  of  the  limb,  and  tho  divisions  of  the 
vernier  itself  are  to  bo  read  from  the  end  division  ranrhed  30,  and  not, 
as  usUi'dly,  from  the  zero  division:  thus,  if  the  zero  division  of  the 
vernier  were  a  little  farther  from  the  zero  division  of  tho  limb,  than 
the  first  division  on  tho  arc  of  excess  ;  and  if  the  twenty-seventh  divi* 
aion  on  tho  vernier,  or  the  third  from  tho  end  division,  murlcej  30, 
coincided  with  a  division  upon  tha  limb,  then  the  loading  would 
be  33. 
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and  direct  image  of  any  line,  snfBciently  distant  not  to  be 
aenaibly  affected  by  parallax,  as  the  distant  horizon,  or  the 
top  or  end  of  a  wall  more  than  half  a  mile  off,  will  coincide  so 
as  to  form  one  unbroken  line. 

To  obtain  the  angle  subtended  by  two  objects,  situated 
nearly  or  quite  in  the  same  vertical  plane,  hold  the  instru¬ 
ment  in  the  right  hand,  and  bring  down  the  reflected  image 
of  the  upper  object,  by  turning  the  milled  head  n  till  it 
exactly  coincides  with  the  direct  image  of  the  lower  object, 
and  the  readings  of  the  instrument  will  give  the  angle 
between  the  two  objects. 

To  obtain  the  angle  subtended  by  two  objects  nearly  in 
the  same  horizontal  plane,  hold  the  sextant  in  the  left  hand, 
and  bring  the  reflected  image  of  the  right-hand  object  into 
coincidence  with  the  direct  image  of  the  left-hand  object. 

It  will  be  seldom  that  the  surveyor  need  pay  any  attention 
to  the  small  error  arising  from  parallax  ;  but,  should  great 
accuracy  be  desirable,  and  one  of  the  objects  be  distant,  while 
the  other  is  near,  the  parallax  will  be  eliminated  by  observ¬ 
ing  the  distant  object  by  reflection,  and  the  near  one  by  direct 
vision,  holding  the  instrument  for  this  purpose  with  its  faco 
downwards,  if  the  distant  object  be  on  the  left  hand.  If  both 
objects  be  near,  the  reflected  image  of  a  distant  object,  in 
a  direct  line  with  one  of  the  objects,  must  be  brought  into 
coincidence  with  the  direct  image  of  the  other  object,  and  the 
parallax  will  thus  be  eliminated. 

For  the  purposes  of  surveying,  the  horizontal  angles,  be¬ 
tween  different  objects,  are  required,  and  the  reduction  of 
these  angles  from  the  actual  oblique  angles,  subtended  by  the 
objects,  would  be  a  troublesome  and  laborious  process.  If 
the  angle  subtended  by  two  objects  be  large,  and  one  be 
not  much  higher  than  the  other,  the  actual  angle  observed 
will  be,  however,  a  suflicient  approximation  to  the  horizontal 
angle  required ;  and,  if  the  angle  between  the  two  objects  be 
small,  the  horizontal  angle  will  be  obtained,  with  sufficient 
accuracy,  by  taking  the  diflerence  of  the  angles  observed 
between  each  of  the  objects,  and  a  third  object,  at  a  con¬ 
siderable  angular  distance  from  them.  With  a  little  practice 
the  eye  will  be  able  to  select  an  object  in  the  same  direction 
as  one  of  the  objects,  and  nearly  on  a  level  witli  the  other 
object,  and  the  angle  between  this  object,  and  the  object 
aelected,  will  be  the  horizontal  angle  required. 
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At  aca  the  altitiule  of  an  object  may  bo  determined  by  ob- 
aerving  ilic  angle  Hiibtcnded  by  it  and  tlie  verge  ol'  the 
liorizon ;  but  upon  land  a  coiUiivance,  called  an  artificial 
liori-.or.,  becomes  necessary,  for  correctly  determining  nlti- 
uuloa.  The  best  kind  of  nitilicial  horizon  consists  of  an 
oblong  trough,  t  t,  filled  with  mercury,  and  jirotected  from 
the  wind  by  a  roof,  r  r,  having  in  citlier  slope  a  ]>lale  of 
glass  with  its  two  surfaces  ground  into  perfectly  parallel 
jilancs.  The  angle,  s  r.  s',  between  tlie  object,  and  its  rc- 
llecicd  image  seen  in  the  mercury,  is  double  the  angle  of 
elevation  s  l  n ;  and,  the  angle  a  n  s'  being  observed,  its  half 

will,  coiisc'(|uenil\’.be  the 
angle  of  elevation  re- 
(jnired.  If  the  angle  of 
elevation  be  greater  than 
the  angle  s  i:  k'  will 
begreater  tlian  r_’U°,anu 
cannot  be  observed  with 
(he  sextant  we  have  been 
doscribiiig. 

4die  box  eextant  is  a 
most  convenient  iiislrii- 
nicnt  for  laying  off  off- 
Bcts,  or  )j(;rpendicular 
dietanccs  from  a  station 
line  ;  for,  by  sotting  the 
imlex  at  DO'^,  and  walk¬ 
ing  along  the  station  line, 
looking  through  the  hori¬ 
zon  glass  directly  at  the  farther  Btatlon  slafT,  or  any  other 
remarkable  object  upon  the  station  line,  any  object  ofi'  the 
station  line  will  be  seen  by  rcflectian,  when  the  observer 
nrrivee  at  the  point  where  tlie  perpendicular  from  this  object 
upon  the  station  line  falls;  and  the  distance  from  this  point 
to  the  object  being  measured,  is  its  perpendicular  distance 
from  the  station  line. 

For  the  mere  ]>urpose  of  measuring  offocts  an  instrument 
called  an  optical  square  is  now  very  generally  em])loyed, 
W’hich  consists  of  the  two  glasses  of  the  sextant  fixed  ])er- 
manently  at  an  angle  of  4d°,  so  that  any  two  objects  seen 
lu  it,  the  one  by  direct  vision,  and  the  other  by  refiection, 
subtend  at  the  place  of  the  observer  an  angle  of  00°. 
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THE  OPTICAL  SQUARE. 

Tlie  mirrors  a  and  n  arc  fixed  In  a  shallow  circular  hox, 
so  that  the  vertex  e  of  the  isosceles  rl^ht-nngled  triangle 
ARE  comes  to  the  circumference  of  the  box,  where  the  aper¬ 
ture  for  the  eye  is  ]daced.  By  this  means  j^arallax  is  elimi¬ 
nated,  aud  a  ray  of  light  from  the  object  k,  proceeding  in  the 
direction  f  e,  and  falling  upon  the  mirror  a,  is  reflected  in  the 
direction  a  r,  meets  the  mirror  o,  is  again  reflected  in  the 
direction  n  k,  and  seen  by  the 
eye  at  e,  in  the  direction  e  d,  at 
right  angles  to  e  p.  The  mir¬ 
ror  B  is  unsilvcrcd  in  the  lower 
part,  so  that  the  eye,  looking 
nlong  the  line  e  d  through  the 
aperture  in  the  rim  of  the  box, 
sees  an  object  d  in  tills  line,  by 
direct  vision,  in  coincidence 
with  the  reflected  image  of  the 
object  F,  on  the  line  e  f,  at  right 
angles  to  e  d. 

This  instrument  cannot  bo  excelled  for  facility  and  rapidity 
of  use.  To  set  off  a  perpendicular  from  a  given  point  on  a 
line,  the  observer,  standing  at  this  point,  and  holding  the 
square  in  his  hand,  directs  the  motions  of  an  assistant,  who 
walks  out  from  the  line  with  a  rod,  so  as  to  keep  the  reflec¬ 
tion  of  the  rod  in  the  mirror  d,  in  coincidence  with  an  object, 
on  the  line,  seen  through  the  iinsilvered  portion  of  the  same 
mirror:  the  line  from  tlie  observer’s  eye  to  the  rod,  is,  then, 
the  perpendicular  required. 

Again,  if  n  perpendicular  is  to  be  made  to  fall  from  a  given 
point  upon  a  given  line,  the  observer  walks  along  the  lino, 
until  he  comes  to  a  point  from  which  he  sees  an  object  on 
the  line,  coinciding  with  the  image,  in  the  mirror  d,  of  an  ob¬ 
ject  at  the  given  point :  the  observer  is  then  standing  at  the 
spot,  on  which  the  perpendicular  will  fall. 

THE  CROSS  STAFF. 

Another  instrument  for  setting  out  lines  at  right  angles 
to  other  lines,  is  the  cross  staff,  which,  though  old  fashioned 
and  cumbrous,  is  still  very  commoulv  used  for  the  purpose. 
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There  nre  Ixro  forma  of  croae  etnfF.  One  form  conaiata  of 
four  aighta  fixed  at  right  angles  upon  a  brnaa  cross,  which, 
when  in  use,  is  fixed  on  the  lop  of  a  staff.  The  second  form 
consists  of  a  hollow  brass  cylinder,  about  three  or  four  inches 
in  diameter,  and  as  many  in  depth,  tlirougli  which  are  pierced 
sights  at  right  angles  to  each  other:  this  also,  w'lien  in 
use,  is  affixed  to  a  slafT. 

To  set  out  with  the  cross  ataff  a  perpendicular  to  n  line, 
from  a  given  point  on  it,  thrust  the  staff  into  the  ground  at 
this  point,  so  that  through  one  pair  of  sights  you  can  aee 
both  ends  of  your  main  line,  by  looking  first  through  one 
of  these  sights,  and  then  moving  round  and  looking  through 
the  opposite  one.  Having  thus  ensured  a  point  exactly  on 
the  line,  and  the  proper  position  of  the  cross,  now  move 
round,  and,  looking  across  the  instrument,  through  the  other 
pair  of  sights,  have  a  pole  set  up  in  a  line  with  them  ;  and 
the  perpendicular  will  be  set  off. 

TOE  T.IME  HAKOEr,, 

We  may  here  notice  another  application  of  the  law  of 


reflected  light,  to  the  determination  of  the  relative  angalar 
position  of  objects,  in  Adie’s  line  ranger,  a  very  simple  pocket 
instrument,  for  setting  out  straight  lines.  It  is  shown  in  plan 
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in  Fig.l,and  in  elevation  in  Fi^.  2.  a  aiuli  arc  two  totally  re¬ 
flecting  glass  prisms,  placed  one  over  the  other,  on  a  cylindrical 
hase,  which  serves  as  a  handle.  One  of  the  faces  of  the  right 
angle  in  the  upper  prism,  is  placed  flnah  with  one  of  the  faces 
of  the  right  angle  in  the  lower  prism,  the  other  faces  con¬ 
taining  tlic  right  angles  being  parallel.  Tiie  observer,  holding 
tlie  instrument  in  his  hand,  and  looking  into  the  prisms  in  the 
direction  e /,  sees  directly  before  him,  in  the  prism  a,  the 
reflected  image  of  a  pole  at  on  his  right  hand,  and  in  the 
prism  b,  that  of  another  At  c,  on  his  left  hand;  and,  when 
these  images  are  in  the  same  straight  line,  tlie  instrument 
is  also  exactly  in  the  same  straight  line  witli  the  objects  c 
and  d. 

THE  THEODOLITE. 

Tlie  theodolite  is  the  most  important  instrument  used  by 
surveyors,  and  measures,  at  the  same  time,  both  the  horizontal 
angles  subtended  by  each  two  of  the  points  observed  with  it, 
and  the  angles  of  elevation  of  these  points  from  the  poiut  of 
observation. 

This  instrument  may  be  considered  as  consisting  of  three 
parts  :  the  parallel  jdiites  with  adjusting  screws  fitting  on  to 
the  stafl'  head,  of  exactly  the  same  construction  as  already 
described  for  supporting  the  Y  and  other  levels;  the  hori¬ 
zontal  limb,  for  measuring  the  horizontal  angles  ;  and  the 
vertical  limb,  for  measuring  the  vertical  angles,  or  angles  of 
elevation. 

The  horizontal  limb  is  composed  of  two  circular  plates,  l 
and  V,  wliich  fit  accurately  one  ujion  the  otlier.  The  lower 
])late  (irojects  beyond  the  other,  and  its  projecting  edge  is 
sloped  ofl‘,  or  chamfered,  as  it  is  c;illed,  and  graduated  at 
every  lialf  degree.  The  upper  plate  is  called  the  vernier 
])lute,  and  has  portions  of  its  edge  chamfered  off,  so  ns  to 
form  with  the  chamfered  edge  of  the  lower  plate  continued 
portions  of  the  same  conical  surface.*  These  chamfered  por¬ 
tions  of  the  upper  plate  are  graduated  to  form  the  verniers, 

•  In  theordinarj'moile  /  '  ■  -  ~~  —  ■  ■  ■  ■■  ■“•s 

of  roiistruction,  repre*  -  '' 

Rented  in  section  in  Fig.  A?.  !• 

1,  tbo  perfect  coincidenco  of  the  junction  of  the  upper  nnd  loner  plates 
eannot  be  etfected ;  but  the  edge  of  the  vernier  plate,  slightly  orcr- 
lappiag  tho  lower,  may  produce  a  small  error  iu  tho  reading,  from  lbs 
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by  wliicli  tlic  limb  ia  subdivided  to  single  minutes.  The  six* 
inch  theodolite  represented  in  onr  figure  hna  two  sach  ver¬ 
niers,  180°  apart.  The  lower  plate  of  the  horizontal  limb  is 
attached  to  a  conical  axis  passing  through  the  upper  parallel 


l><iU<tn(r»  aix’ineh  Theodolite,  \cith  2  Telt%tr.ptt. 


plate,  and  terminating  in  a  ball  fitting  in  a  socket  upon  the 
lower  parallel  plate,  exactly  ns  the  vertical  axis  of  the  Y  level 
already  described.  This  axis  ia,  however,  hollowed  to  receive 

introduction  of  parallnx.  .c - - - 

'J'his  defect  has  been  /  \ 

remedied  in  soma  tbeo-  2. 

dolitca  by  squaring  the  edges,  at  the  junction  between  the  two  platoa,  os 
represented  in  Fig.  2. 
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ft  ilmllftr  conical  axis  ground  accurately  to  fit  it,  so  tbat  the 
axes  of  the  two  cones  may  be  exactly  coincident  or  parallel.* 
To  the  internal  axis  the  upper,  or  vernier,  plate  of  the  hori¬ 
zontal  limb  is  attached,  and  thus,  while  the  whole  limb  can 
be  moved  through  any  horizontal  angle  desired,  tlie  upper 
plate  only  can  also  be  moved  through  any  desired  angle,  wlien 
the  lower  plate  is  fixed  by  means  of  the  clamping  screw,  o, 
which  tightens  the  collar  d.  t  is  a  slow-motion  screw,  which 
moves  the  whole  limb  through  a  small  space,  to  adjust  it  more 
perfectly,  after  tightening  the  collar,  d,  by  the  clamping 
screw  c.  There  is  also  a  clamping  screw,  «,  for  fixing  the 
upper,  or  vernier,  plate  to  the  lower  plate,  and  a  tangent 
screw,  t,  for  giving  the  vernier  plate  a  slow  motion  upon  the 
lower  plate,  when  so  clamped.  Two  spirit  levels,  n,  d,  are 
placed  upon  the  horizontal  limb,  at  right  angles  to  each  other 
and  a  compass,  a,  is  also  placed  upon  it  in  the  centre,  between 
the  supports,  f,  r,  for  the  vertical  liuib. 

The  vertical  limb,  n,  n,  is  divided  ujion  one  side,  at  every 
80  minutes,  each  way,  fruin  0^  to  ^0^,  and  subdivided  by  the 
vernier,  which  is  fixed  to  the  compass  box,  to  single  minutes. 
Upon  the  other  side  are  marked  the  number  of  links  to  be 
deducted  from  each  chain,  for  various  angles  of  inclination, 
in  order  to  reduce  the  distances,  as  measured  along  ground, 
rising  or  falling  at  these  angles,  to  the  corresponding  hori¬ 
zontal  distances.  The  axis  of  this  limb  must  rest,  in  a  position 
truly  parallel  to  the  horizontal  limb,  upon  the  supports  p,  f, 
so  as  to  be  horizontal,  when  the  horizontal  limb  is  set  truly 
level ;  and  the  plane  of  the  vertical  limb  should  be  accurately 
perpendicular  to  its  axis.  To  the  top  of  the  limb  n,  n,  is 
attached  a  bar,  which  carries  two  Y's  for  supporting  a 
telescope,  of  the  same  construction  as  that  before  described 
for  the  Y  spirit  level;  and  underneath  the  telescope  is  a 
spirit  level,  s,  s,  attached  to  it  at  one  end  by  a  joint,  and  at 
the  other  end  by  a  capstan-headed  screw,  as  in  the  Y  level. 
The  horizontal  axis  can  he  fixed  by  ft  clamping  screw,  and  the 
vertical  limb  can  then  be  moved  through  a  small  space  by  a 
•low*motioD  screw  t. 

*  T7pon  this  depends,  in  a  great  moasnro,  the  perfection  of  the  instra- 
ment,  aa  far  aa  the  horizontal  moasuremonta  are  concerned;  and, 
when  we  describe  presently  the  adjustmonta  of  the  inatrument,  we 
ahall  explain  the  method  of  detecting  an  inaccoracy  in  the  grinding  of 
the  axes. 
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Before  commencing  observations  with  this  instranient,  the 
following  Adjiistmcnts  must  be  Attended  to* — 

1.  Adjustments  of  the  telescope,  viz.  :  the  Adjustment 

for  parallax  ;  the  adjustment  for  collimntion. 

2.  Adjustment  of  the  horizontal  limb,  viz. :  to  set  the  levels 

on  the  horizontal  limb  to  indicate  the  vcrticality  of 
the  azimuthal  axis. 

3.  Adjustment  of  the  vertical  limb,  viz. :  to  set  the  level 

beneath  the  telescope  to  indicate  the  horizuntality  of 
the  line  of  collimation. 

1.  Parallax  and  Collimation. — These  adjustments  have 
already  been  described  (p.  18)  under  the  head  of  the  Y 
level. 

2.  Adjuttment  of  the  Horizontal  Ijimh. — Set  the  instru¬ 
ment  up  as  accurately  as  yon  can  by  the  eye,  by  moving  the 
legs  of  the  stand.  Tighten  the  collar,  d,  by  the  clamping 
screw  c,  and,  unclamping  the  vernier  plate,  turn  it  round  till 
the  telescope  is  over  two  of  tho  parallel  plate  screws.  Bring 
the  bubble  of  the  level,  a  s,  bono.'irh  ()>c  telescope  to  the  centre 
of  its  run  by  turning  the  tangviit  ^cl•c\v  t.  Turn  the  vernier 
plate  half  round,  bringing  the  telescope  again  over  the  same 
pair  of  the  parallel  plate  screws;  and,  if  the  bubble  of  the 
level  be  not  still  in  the  centre  of  its  run.  bring  it  back  to  the 
centre,  half  way,  by  turning  the  parallel  plate  screws  over 
which  it  is  placed,  and  half  way  by  turning  the  tangent  screw 
t.  Repeat  this  operation,  till  the  bubble  remains  accurately 
in  the  centre  of  its  run  in  both  positions  of  the  telescope; 
and  then  turning  the  vernier  plate  round  till  the  telescojic  is 
over  the  other  pair  of  parallel  plate  screws,  bring  the  bubble 
again  to  the  centre  of  its  run  by  turning  these  screws.  The 
bubble  will  now  retain  its  position,  while  the  vernier  plate  is 
turned  completely  round,  showing  that  the  internal  azimuthal 
axis,  about  which  it  turns,  is  truly  vertical.  Tlie  bubbles  of 
the  levels  on  the  vernier  plate  being  now,  therefore,  brought 
to  the  centres  of  tbeir  tubes,  will  be  adjusted,  to  sliow  tlia 
verticality  of  the  internal  azimuthal  axis.  Now,  having 
clamped  the  vernier  plate,  loosen  the  collar  d,  by  turning 
back  the  screw  o,  and  move  the  whole  instrument  slowly 
round  upon  the  external  azimuthal  axis,  and,  if  the  bubble  of 
the  level  a,  s,  beneath  tho  telescope,  maintains  its  position 
during  a  complete  revolution,  the  external  azimuthal  axis  is 
truly  parallel  with  tbe  internal,  and  both  are  vertical  at  the 
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larac  time ;  Lat,  if  the  bubble  doei  not  inAintain  its  position,  il 
allows  that  the  two  parts  of  the  axis  have  been  inaccurately 
ground,  and  the  fault  can  only  be  remedied  by  the  instrument 
maker. 

3.  Adjmtmenl  of  the.  Vertical  The  bubble  of  tha 

level,  s,  s,  being  in  the  centre  of  its  run,  reverse  the  telescope, 
end  for  end,  in  the  Y's,  and,  if  the  bubble  does  not  remain  in 
the  same  position,  correct  for  one  half  the  error  by  the  cap¬ 
stan-headed  adjusting  screw  at  one  end  of  the  level,  and  for 
tlte  other  half,  by  the  vertical  tangent  screw  t,  ilepeat  the 
operation  till  the  result  is  perfectly  satisfactory.  Next  turn 
the  telescope  round  a  little,  both  to  the  right  and  to  the  left, 
and  if  the  bubble  does  not  etill  remain  in  the  centre  of  its 
run,  the  level,  a  a,  must  be  adjusted  laterally  by  means  of  the 
screw  at  its  other  end.  This  adjustment  will  probably  dis¬ 
turb  the  first,  and  the  whole  operation  must  then  be  carefully 
repeated.  Cy  means  of  a  small  screw,  fastening  the  vernier 
of  the  vertical  limb  to  the  vernier  plate  over  the  compasa 
box,  the  xoro  of  this  vernier  may  now  be  set  to  the  zero 
of  the  limb,  and  the  vertical  limb  will  be  in  perfect  adjust¬ 
ment. 

The  second  telescope,  placed  beneath  the  horizontal  limb, 
serves  to  detect  any  accidentnl  derangement  of  the  instrument 
during  an  observation,  by  noting  whether  it  is  directed  to  the 
same  point  of  a  distant  object  at  the  end  of  the  observation 
to  wbicb  it  has  been  set  at  the  commencement  of  the  observa¬ 
tion.  This  telescope  is  now  very  generally  omitted,  the 
advantage  derived  from  it  being  considered  to  bo  counter¬ 
balanced  by  the  additional  length  which  must  in  consequence 
be  given  to  the  vertical  axis,  and  which  detracta  from  the 
compactness  and  firmness  of  the  instrument. 

In  the  larger  instruments  the  vertical  limb  admits  of  an 
adjustment  to  make  it  move  accurately  in  a  vertical  plane, 
when  the  horizontal  limb  has  been  first  set  in  perfect 
adjustment.  This  adjustment  is  important,  and  should 
be  examined  with  great  care;  and  in  the  small  theodolites, 
in  which  the  vertical  limb  is  permanently  fixed  to  the 
horizontal  limb,  an  instrument,  which  will  not  bear  the 
test  of  the  examination  that  we  proceed  to  describe,  must 
be  condemned,  till  set  in  better  adjustment  by  the  maker. 
The  azimuthal  axis  having  been  set  truly  vertical,  direct  the 
telescope  to  some  well-defined  angle  of  a  building,  and,  making 
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the  inUrecction  of  the  wires  exactly  coincide  with  this  angle, 
near  the  ground,  elevate  the  telescope  by  giving  motion  to 
the  vertical  limb,  and,  if  the  adjustment  be  perfect,  the  inter* 
section  of  the  cross  wires  will  move  accurately  along  the  angle 
of  the  building,  BtiH  continuing  in  coincidence  with  it.  A 
still  more  perfect  test  will  be,  to  make  the  intersection  of  the 
cross  wires  coincide  with  the  reflected  image  of  a  star  in  an 
artificial  horizon,  and,  elevating  the  telescope,  if  the  adjust* 
ment  be  perfect,  the  direct  image  of  the  star  itself  will  again 
be  bisected  by  the  cross  wires. 

THE  TBAN9IT  THEODOLITE. 

The  transit  theodolite  is  so  called  from  the  telescope  being 
mounted  in  the  eame  manner  as  in  the  transit  instrument 
described  hereafter  (p.  132).  In  surveying,  the  difference  of 
level  being  determined  by  the  level  in  the  manner  already 
explained,  the  vertical  limb,  attached  to  llic  telescope  of  the 
theodolite,  may  for  most  purposes  to  which  it  is  applied  be 
dispensed  with,  which  makes  the  instrument  both  simpler 
and  lighter.  When  supplied  with  a  vertical  limb,  that  is 
a  complete  circle,  it  becomes  at  the  same  time  a  theodolite, 
an  altitude  and  azimnth  instrument,  and  a  transit  instru¬ 
ment,  and  may  bo  used  for  astronomical,  as  well  os  for  terres¬ 
trial  purposes. 

The  tripod  stand,  the  parallel  plates,  and  the  horizontal 
graduated  limb  and  vernier  plate,  differ  in  no  particular  from 
those  of  the  tlieodolito  already  described,  and,  like  that,  tlie 
vernier  plate  of  the  transit  theodolite  carries  a  compass  in  ita 
centre  between  the  supports  of  the  telescope,  and  two  spirit 
levels,  I,  I,  to  serve  na  a  guide  for  Betting  the  instrument 
level.  As  in  the  ordinary  theodolite  too,  a  small  microscope 
for  reading  the  verniers  is  adapted  to  slide  round  tlie 
horizontal  limb. 

The  two  frames,  t,  t,  resting  on  the  vernier  plate,  carry 
the  bearings  for  the  telescope  with  its  spirit  level,  and  the 
graduated  circle  h,  called  the  vertical  limb  with  its  two 
verniers,  v,  and  niicroscopea,  for  measuring  vortical  angles, 
called  angles  of  elevation,  or  angular  altitudes.  Upon  tlicae 
bearings,  which  are  usually  of  the  ordinary  Y  pattern,  called 
therefore  the  Y's,  the  horizontal  axis  of  tlie  telescope,  with  ita 
appendages,  is  made  to  rest.  The  horizontal  axis  is  formed  of 
two  cones,  the  larger  ends  of  which  are  attached  to  the 
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midillc  of  the  tube  of  the  tcleacope,  wliilc  the  small  ends  are 
ground  into  two  jicrfectlii  equal  cylinders,  called  pivoti  , 
and  it  ia  these  pivots  that  bear  and  turn  upon  the  Y’s. 
Tlie  common  axis  of  the  cylinders  and  cones  must  be  ac¬ 
curately  at  rigl»t  angles  to  the  axis,  or  rather,  to  the  line  of 
cullimation  of  tl>c  telescoj)?,  ami  the  adjustment  to  produce 


this  ia  called  the  aOjushiunt  for  ar.imnth.  Tina  mode  of 
BUpporting  tlic  telescope  and  verLicul  limb  gives  to  the 
transit  theodolite  its  superiority  over  other  modes  of  con¬ 
struction,  as,  whenever  it  is  desirable  to  reverse  tlie  ends  of 
the  telescope,  this  ia  immediately  accomplished  by  merely 
revolving  it  on  its  axis,  instead  of  having  recourse  to  the 
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troublesome  operation  of  opening  clips,  lifting  tbe  telescope 
outj  and  replacing  it.  It  also  serves  to  eliminate  any  error 
arising  from  imperfect  adjustment,  by  reversing  both  tbe 
horizontal  limb  and  tbe  telescope,  and  taking  the  mean  of  the 
two  readings  thus  obtained. 

The  vertical  limb  is  graduated,  from  0°  to  90°,  throngh  one 
quadrant,  and  then  agaiu,  in  the  same  manner,  throughout 
each  of  the  other  quadrants,  going  round  from  left  to  right. 

'At  either  end  of  the  spirit  level  are  capstan-beaded  screws, 
to  adjust  it  parallel  to  the  optical  axis  of  the  telescope,  or 
line  of  collimation,  by  tightening  the  one  and  loosening  the 
other.  The  vertical  limb  is  also  provided  with  a  tangent 
screw,  o,  fur  slow  motion. 

The  following  arc  the  adjustments 

1.  The  adjustment  for  parallax 

2.  Adjustment  of  the  horizontal  limb,  and  consequent 

verticality  of  the  azimuthal  axis. 

3.  Adjustment  for  horizontality  of  the  axis  on  which 

the  telescope  turns. 

4.  Adjustment  for  collimation  in  azimuth. 

5.  Adjustment  for  collimation  in  altitude. 

1.  Parallax. — This  adjustment,  which  has  been  already 
described  (p.  19),  must  always  be  tested  by  tbe  observer, 
and  corrected,  if  necessary,  as  it  will  difTer  according 
as  be  is  long  or  short  sighted.  The  other  adjustments 
are  all  made  by  the  maker  with  great  care,  for  the  sake  of 
his  own  reputation  ;  and  in  well-constructed  instruments 
derangements  ore  but  little  likely  to  occur  afterwards, 
if  ordinary  care  be  taken  of  them  ;  but  still  tlioy  may  acci¬ 
dentally  occur,  and  it  is  desirable,  therefore,  to  examine  the 
instrument,  both  when  new,  and  from  time  to  time  after- 
w'ards. 

2.  AOjuitment  of  the  Hori^ntal  This  adjustment 

also  has  been  explained  (p.  58). 

3.  Horizontality  of  the  Axii  on  which  the  Telescope  lurnt, 
— Tins  is  to  be  tested  by  observing  a  long  plumb  line  ; 
first,  making  the  intersection  of  the  cross  wires  coincide  with 
this  line  at  tlie  bottom,  then,  if  this  intersection  moves 
accurately  along  the  line,  as  the  telescope  is  raised  by  turn¬ 
ing  it  on  its  bearings,  this  adjustment  is  perfect;  but,  if  not, 
the  bearing,  on  the  side  opposite  to  that  on  which  the  inter¬ 
section  departs  from  the  plumb  line,  is  too  high,  and  should  La 
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lowered,  by  robbing  the  face  of  tbe  Y  with  slate  pencil  and 
water,  or  by  some  equally  delicate  process.  Before  proceed¬ 
ing,  however,  to  do  this,  the  next  adjustment  should  be 
examined,  and  the  test  should  then  be  verified,  by  observing 
if  a  star  and  its  image,  reflected  in  an  artificial  horizon,  are 
both  coincident  with  the  intersection  of  the  cross  wires,  when 
the  telescope  is  turned  upon  its  bearings. 

4.  Adjuttmeni  /or  ColUmation  in  Azimuth. — Direct  the 
telescope  to  some  distant,  small,  and  well  defined,  object,  and, 
bringing  its  centre  into  exact  coincidence  with  the  intersec¬ 
tion  of  the  cross  wires,  clamp  the  horizontal  limb.  Lift  the 
telescope  ofT  the  Y's,  and  reverse  it,  no  that  the  bubble  will  be 
downwards,  and  the  ends  of  the  horizontal  axis,  on  opposite 
bearings  to  whnt  they  were  before.  Now  exomine  if  the 
centre  of  the  object  again  comes  into  exact  coincidence  with 
the  intersection  of  the  cross  wires,  as  the  telescope  is  turned 
on  its  bearings  ;  if  so,  the  collimation  in  azimuth  is  perfect, 
and  the  line  of  collimation  is  accurately  at  right  angles 
to  the  axis;  but  if  not,  correct  one  half  the  deviation  by 
turning  the  two  small  side  screws  that  adjust  tiie  diaphragm, 
and  the  other  half,  by  moving  the  horizimtal  limb  by  means 
of  the  tangent  screw,  s.  If  the  h.alf  distances  have  been 
correctly  estimated,  the  centre  of  the  object  will  again 
conie  into  coincidence  with  t)>e  intersection  of  the  cross 
wires,  when  the  telescope  is  restored  to  its  first  position,  and 
the  adjustment  will  be  accomplished  ;  but  if  not,  repeat  the 
operation,  until  the  centre  of  the  object  is  coincident  with 
the  intersection  of  the  cross  wires  in  both  positions  of  the 
instrument,  and  the  adjustment  will  be  perfected. 

If  a  star  and  its  reflected  im.^ge  be  now  observed,  ns 
directed  for  the  preceding  adjustment,  and  the  test  be  satis¬ 
factorily  satisfied,  we  may  consider  that  both  adjustments 
are  perfected. 

5.  Adjustment  for  Cidlimation  in  Altitude. — Point  tlie 
telescope  to  a  very  distant  object,  or  a  star,  and,  bringing  the 
cross  wires  into  coincidence  with  the  object,  read  ofi'  the 
angle  on  the  vertical  circle,  as  indicated  by  the  verniers. 
Turn  the  horizontal  line  tlirougli  ISO,  and  again  direct  the 
telescope  to  the  same  object,  and  read  off  the  angle  on  the 
vertical  limb.  If  the  two  readings  be  alike,  the  adjustment 
fur  collimation  in  aititui^e  is  perfect;  but,  if  tho  readings  bo 
different,  half  their  sum  wUJ  give  the  true  reading.  TUa 


the  Gild  of  bartj  rndlnlin;;  from  ihc  centre  ;  ainl  amwlicr  bar 
carries  the  clamp,  c,  and  the  tangent  screw  for  flic  vcrnier.s. 
At  s  are  sliown  the  clnni])  and  elow-motion  screw  of  tlio 
horizontal  limb.  The  vernier  bars  are  connected  with  the 
upper  portion  of  the  instrument  carrying  tbe  telescope,  ver¬ 
tical  limb,  w,  &c.,  and,  turning  upon  tbe  same  centre,  tliey 
hIiow  the  angle  traversed  by  tlie  tcloRcope. 

Tbe  tripod  support,  b,  is  provided  with  ]iarnllcl  plate 
screws,  p,p,p.  One  advantage  with  this  instrument  is,  tiiat 
it  may  be  used  with  a  three-legged  stand,  the  same  as  those 
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verniers  should  then  be  adjusted  to  give  the  true  reading, 
and,  the  vertical  limb  being  bronglit  down  to  zero,  the 
bubble  eboiild  be  brought  to  the  centre  of  its  run  :  the  ad¬ 
justment  will  then  be  complete. 


Everest's  TnuoDOLiTE. 

This  instrument  has  distinctive  features,  as  shown  by  tlie 
figure.  The  horizontal  limb,  i,,  consists  of  one  j'lntc  only, 
on  which  the  degrees  arc  gr.aduated  ;  the  verni  -Ts,  arc  at 
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already  described,  or  be  disengaged  from  the  top  of  this  slnff, 
and  placed  upon  the  top  of  a  wall,  or  in  other  sifuationa 
where  the  ordinary  tripod  could  not  be  used.  It  will  be  seen 
by  the  figure,  that  the  telescope  and  vertical  limb  are  sup¬ 
ported  in  a  manner  very  similar  to  the  transit  theodolite, 
the  horizontal  asis  connected  witlt  the  telescope  resting  on 
two  supports,  only  one  of  which  is  seen  in  the  drawing  at  r. 
These  are  supported  by  a  dat  horizontal  bar,  r,  to  which  is 
attached  a  spirit  level,  only  one  end  of  which  is  seen  in  the 
drawing.  This  level  is  for  adjusting  the  axis  horizontally; 
and,  this  being  accomplished,  the  vertical  arc.  m  m,  attached 
to  the  telescope,  moves  with  it  in  a  vortical  plane. 

Everest's  theodolite  is  much  used  in  India,  but  has  not 
met  witli  a  very  favourable  reception  in  this  country.  It 
labours  under  the  disadvantage  of  not  affording  means  of 
efficiently  testing  its  adjiistmoiita  ;  since  the  telescope  can 
be  turned  ncitlier  round,  nor  end  for  end,  as  in  the  ordinary 
theodolite,  nor  over  on  opposite  hearings,  ns  in  the  transit 
theodolite;  neither  can  it  be  reversed,  like  tlie  telescope  of  the 
transit  theodolite,  by  turning  round  on  its  bearings. 

jMany  persons  olso  dislike  tlie  mode  of  supporting  the 
horizontal  limb  on  three  screws 
only,  ns  tlieso  may  he  shaken  by 
havitig  no  opposite  bearing  to 
steady  tlieni.  With  the  parallel 
])lateB,  and  four  screws,  each  oppo¬ 
site  pair  bear  against  each  other, 
and  no  shake  is  possible.  On  the 
other  liand,  the  advocates  of  a 
three-screw  bearing  object  to  the 
parallel  plates,  and  four  screws, 
that,  by  pressing  the  upper  parallel 
plate  iinequaLly  against  the  azi¬ 
muthal  axis,  the  centre  of  this  plate,  in  which  the  axis  tarns* 
may  become  ovalled.  The  annexed  figure  represents  a  plan 
for  preventing  this  ovalling,  by  forming  the  upper  parallel 
plate  of  two  concentric  rings,  a  and  n,  joined  together  at 
one  part  only  by  the  bridge  c,  placed  midway  between  two 
of  the  screws  s,  s.  Tlie  outer  ring  will  thus  admit  of  a 
slight  bending,  and  the  pressure  of  the  inner  ring  against 
the  axis  being  thereby  relieved,  scarcely  any  tendency  to 
ovalling  can  occur. 
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lister’s  patent  theodolite. 

The  most  important  peculiarity  of  this  theodolite  is  an 
adaptation  for  setting  out  mechanically,  without  recourse  to 
measurement  or  calculation,  the  surface  widths  for  batter  pegs 
required  in  all  railway  earthworks,  to  indicate  the  tops  of 
slopes  of  cuttings,  and  bottoms  of  slopesof  embankments.  The 
ordinary  methods  of  performing  this  work  involve  much 
tedious  calculation,  and  liability  to  error,  particularly  on 
rough  and  on  sloping  ground.  By  the  use  of  Listers 
theodolite  this  is  entirely  avoided,  and  a  great  saving  of  time 
effected,  inasmuch  as,  when  the  instrument  is  once  fixed  in 
position,  the  widths  may  bo  put  out  on  cither  aide  of  it  ns 
far  as  the  range  of  the  telescope  will  admit,  and  almost  as 
quickly  as  the  pegs  can  be  driven.  The  boundary  fence, 
being  parallel  with  the  surface  line  of  the  slope,  may  be  set 
out  at  the  same  time.  ,A  further  advantage  possessed  by 
this  instrument,  consists  in  its  superior  adaptation  to  levelling 
by  vertical  angles,  particularly  where  cross  sections  are 
required  to  be  taken  over  very  sidling  ground.  With 
the  ordinary  theodolite,  the  telescope  must  be  reversed,  and 
the  vertical  angle  reset,  to  take  the  back  sights,  and  each 
cross  section  must  be  taken  separately;  but  this  instrument, 
being  so  constructed  that  the  telescope  will  revolve  in  any 
vertical  plane,  these  defects  are  avoided,  and  a  seriea  of  sec¬ 
tions  may  be  taken  without  moving  the  instrument. 

Ordinary  theodolites  are  readily  altered  to  embrace  these 
improvements. 

An  entirely  new  form  of  theodolite  has  been  designed  by 
^I.  d’Abbadie,  and  is  made  in  Paris.  The  telescope  is  fixed 
with  its  line  of  collimatlon  parallel  to  the  plane  of  the  hori¬ 
zontal  circles,  which  are  provided  with  crossed  spirit  levels, 
and  divided  in  the  usual  way,  for  the  reading  of  horizontiil 
*  angles  by  the  aid  of  a  second  telescope,  fixed  to  the  lower 
plate.  Vertical  angles  are  rend  off  by  turning  the  telescope 
upoD  its  own  line  of  collimation  os  an  axis.  The  telescope 
is  provided  with  a  vertical  circle,  whose  plane  is  fixed 
truly  at  right  angles  to  its  line  of  collimation.  To  measure 
the  vertical  angle  subtended  by  two  objects — one,  suppose 
the  lower  one,  is  observed,  os  seen  reflected  in  a  totally  re¬ 
flecting  prism  in  the  telescope  tube,  whose  plane  of  reflection 
is  parallel  to  the  line  of  collimation.  The  vertical  circle 
being  then  brought  to  zero  and  clamped  fo  the  telescopoi 
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they  are  turned  round  togetlier  on  the  line  of  collimation,  aa 
an  axis,  until  the  higher  of  the  two  objects  is  seen  reflected 
in  the  same  prism,  the  precise  position  being  fixed  by  crosa 
wires  in  tlie  field.  Tiio  vertical  angle  between  the  two 
objects  is  now  read  ofif  upon  the  vertical  circle,  whose  centre 
is  on  the  line  of  collimation.  This  instrument  is  very  original 
in  conception,  and  is  said  to  work  well,  and  with  perfect 
accuracy.  It  presents  the  advantages  of  not  being  easily 
thrown  out  of  adjustment  by  carriage  or  rough  usage,  is 
light,  even  when  strongly  made,  and  not  os  costly  as  the 
older  forms. 

MEASURING  ANGLES  WITH  THE  THEODOLITE.. 

It  may  be  as  well  to  observe  to  the  beginner,  that  but 
little  anxiety  need  be  felt  as  to  the  adjustments  of  an  instru¬ 
ment  supplied  by  a  good  maker,  although  the  student  may 
make  an  examination  of  the  value  and  condition  of  the  in¬ 
strument,  as  soon  as  he  feels  confident  he  has  mastered  the 
principles  and  deutila  of  its  construction.  What  he  has 
really  to  apprehend,  is  tlie  damage  the  instrument  is  liable  to, 
when  brought  into  use^and  this,  not  from  his  own  hands, 
but  from  those  of  others,  particularly  cAainme/i,  whose  hands 
it  is  difficult  to  keep  off  tlie  instrument,  wlicn  his  back  is 
turned  for  a  short  time.  Let  liim,  therefore,  be  advised 
never  to  leave  an  instrument  on  the  ground,  without  its  being 
under  tlie  care  of  some  person,  on  wliom  he  can  tlioroughly 
depend  ;  fur  the  curiosity  of  an  ignorant  man,  and  his  desire 
to  handle  that  of  which  lie  has  no  conception,  are  often  un- 
restrainable,  where  there  is,  as  ho  thinks,  no  fenr  of  detection, 
and  liavc  often  led  to  serious  consequences.  When  the  day's 
work  is  over,  restore  the  instrument  to  its  case,  and  keep 
the  key  :  the  sense  of  security  thus  ensured,  more  than  repays 
the  few  minutes  of  trouble  incurred. 

In  measuring  angles  with  the  tlieodolite,  supposing  the  in- 
itrument(p.61)in  adjustment,an(l secured  on  its  three-legged 
support,  ready  for  use,  the  first  thing  to  be  done  is  to  plant 
the  instrument  somewhat  about  level,  e.xactly  over  a  station 
from  wbicli  observations  ore  to  be  made,  giving  tbc  three 
legs  a  wide  spread,  and  fixing  them  as  firmly  in  tlie  ground 
as  circumstances  will  admit.  Tlic  tripod  is  made  of  such  a 
length,  that,  when  a  sufficient  spread  is  given,  the  height  of 
the  eye-piece  of  the  telescope  will  bo  most  convenient  to  the 
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obaeTvcT.  The  exact  position  of  the  centre  of  the  inatminent 
over  the  centre  of  tlic  station  is  ensured  by  the  plummet  and 
line,  that  hang  from  the  centre  of  the  instrument,  being  close 
over  a  peg  in  the  ground,  or  dropping  into  the  hole  itaclf, 
from  which  a  flag-pole  has  been  removed,  to  make  place  for 
the  theodolite.  Now  set  it  level,  by  turning  the  parallel  plate 
screws,  pf  p,  until  the  bubbles  of  the  two  spirit  levels  on  the 
vernier  plate  keep  the  centre  of  their  run,  whilst  the  telescope 
is  turned  steadily  quite  round  on  its  centre;  and  the  instru¬ 
ment  will  be  ready  for  measuring  angles. 

Let  A  be  the  station  ;  and  let  it  be  required  to  measure 
the  angle  subtended  by  b  and  c.  Clamp  the  zero  of  the 
vernier  plate  to  zero,  or  3G0°,  on  the  limb,  and  make  the  coin¬ 
cidence  perfect  by  means  of  the  tangent  screw  t.  Examine 
the  zero  of  the  other  vernier,  and  see  that  it  coincides  with 


180®.  Move  tho  instrument  bodily  round,  until  the  inter¬ 
section  of  the  wires  in  the  telescope  is  in  contact  with  the 
object  at  b.  Clamp  the  instrument  by  means  of  the  screw 
attached  to  the  collar  round  the  axis,  and  make  the  bisection 
of  the  object  at  n,  by  the  wires,  perfect  by  means  of  the 
alow-motion  screw  s.  This  exact  bisection  can  only  be 
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iecured,  wbeD  clear  and  diatinct  vision  bna  been  obtained  by 
means  of  tbe  milled  head  in  tbc  side  of  tbe  telescope,  for 
adjusting  tbe  object-glass.  Tbc  line  of  sight  having  thus 
been  made  to  pass  from  a  exactly  through  zero,  or  300® 
on  the  limb,  and  the  centre  of  the  object  at  b,  release 
the  vernier  plate,  by  loosening  its  clump,  and  turn  it  round, 
until  the  intcrsccMon  of  the  wires  is  again  in  contact  with 
the  object  at  c  ;  then  tighten  the  clamp  of  the  vernier  plate, 
and,  by  means  of  its  tangent  screw,  t,  make  perfect  the 
bisection,  by  the  wires,  of  the  object  at  c.  If  there  is  any 
considerable  difference  between  the  distances  of  b  and  c  from 
A,  the  milled  bead  of  the  telescope  will  have  again  to  be 
turned,  to  ensure  distinct  vision.  7'/ic  angle  ia  now  ineamred, 
and  the  nicasureniCDt  is  to  be  read  oh'  from  both  verniers, 
and  the  mean  of  the  readings  taken  :  thus  let  the  fore 
vernier  pointing  to  c  read  62®  37',  and  the  back  vernier 
shew  36' 30  ' beyond  a  degree  ;  then  the  mean  of  the  niiiiutes 
and  seconds  will  be  36'  43  ",  and  the  corrected  measure  of 
the  angle  will  he  62®  36'  45". 

In  ordinary  cases,  with  n  6-inch  theodolite,  the  above 
measurement  of  an  angle,  rend  oh‘  with  both  verniers,  will 
be  found  sufficiently  accurate  ;  hut,  where  a  considerable 
area  is  triangulated,  or  where  distant  observations  are  tnbeu 
from  a  base  line,  as  well  as  in  traverses  of  several  miles 
circuit,  the  angles  should  be  repeated,  and  the  mean  of  all 
the  observations  taken  as  the  real  measure. 

The  operation  of  repeating  an  angle  is  performed  as 
follows  : — Having  taken  the  first  measurement  in  the  manner 
explained  above,  loosen  the  clamp  of  the  lower  plate,  or 
horizontal  limb,  turn  the  theudolite  bodily  round,  until  the 
telescope  is  directed  upon  u,  and,  again  clamping  the  in¬ 
strument,  perfect  the  bisection  of  the  object  by  the  cross 
wires,  by  means  of  the  slow-motiou  screw  s.  The  index  of 
the  vernier,  together  with  the  coincident  division  on  the 
limb,  will  thus  have  been  brought  from  d  to  the  previous 
position  of  the  zero,  or  division  marked  360®,  while  this 
will  have  been  carried  through  an  equal  arc  to  c.  Now  release 
the  upper,  or  vernier  plate;  turn  it  until  the  telescope  is 
directed  upon  o;  clamp  it  again;  and  perfect  the  bisection  by 
means  of  the  tangent  screw  t.  The  means  of  the  readings, 
indicated  by  the  two  verniers,  will  now  denote  the  magni¬ 
tude  of  an  angle  twice  as  large  as  b  a  c,  and  half  the  amount 
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may  generally  be  taken  as  a  very  accurate  meaaiirement  of 
the  angle.  Should  this  measurement  differ  considerably,  as 
linlf  a  minute  or  more,  from  that  first  obtained  by  single  obser¬ 
vation,  the  operation  may  again  be  reiieated,  and  one-third  of 
the  amount,  indicated  by  the  readings  of  the  verniers,  be 
taken  for  the  corrected  magnitude  of  the  angle. 

RANOINO  LINES  WITH  THE  THEODOLITE. 

The  theodolite  is  used,  in  engineering  field-work,  for 
ranging  long  lines,  to  form  a  base  line  for  a  system  of 
triangulation,  or  for  setting  out  a  line  of  railway  or  canal. 
This  is  performed  by  means  of  a  aeries  of  back  and  fore 
sights,  taken  at  prominent  stations  along  the  line;  and,  as 
the  back  and  fore  sights,  at  each  station,  must  be  taken 
without  the  slightest  variation  in  the  position  of  the  vernier 
plate  upon  the  horizontal  limb,  this  plate  should  be  firmly 
clamped  to  the  limb,  and  remain  so  throughout  the  whole 
operation,  the  indices  of  the  verniers  being  fixed  at  zero,  or 
SCO®,  and  180°,  or  any  two  equally  marked  divisions,  and 
examined  at  each  step,  to  see  that  the  coincidence  remains 
perfect.  After  having  examined  the  adjustments,  and 
clamped  together  the  vernier  plate  and  horizontal  limb,  as 
above  directed,  plant  the  instrument,  by  means  of  the  plum¬ 
met  and  line,  exactly  over  a  point  selected  for  the  first  station, 
through  whicli  the  line  is  to  be  ranged,  and  level  it  by 
means^of  the  parallel-plate  screws.  The  pole,  set  up  at  tho 
place  selected  for  Oie  starting-point,  or  commencement  of  the 
base  line,  will  here  form  the  hack  object.  Direct  the  tele¬ 
scope  to  a  point  on  this  pole  as  near  the  ground  ns  possible; 
clamp  the  instrument,  and  perfect  the  bisection  of  tiie  object 
by  tlie  cross  wires,  by  means  of  the  slow-motion  screw.  As 
many  ranging  rods  os  may  be  desirable  m.ay  now  be  set  out, 
in  the  prolongation  of  the  line  of  collimation  of  the  telescope, 
between  the  siarting-point  and  the  station.  This  being 
done,  examine  the  verniers  to  see  that  they  have  not  moved 
upon  the  limb,  and,  if  the  result  be  satisfactory,  reverse 
the  telescope,  and  again  set  out  ronging  rods  as  far  as  it 
commands  the  ground,  in  every  case  directing  the  intersec¬ 
tion  of  the  cross  wires  upon  a  point  as  low  down  upon  the 
rod  as  possible.  Now  direct  the  telescope  to  the  next  com- 
monding  situation  on  the  base,  and  set  up  a  pole  there,  to 
mark  the  spot  for  the  next  station.  Move  on  to  this  station. 


rOB  MBAStmiKO  AI7GLB9.  71 

And  proceed  in  tlic  same  way,  and  ao  from  station  to  station, 
until  the  entire  line  is  set  out. 

In  the  performance  of  this  work  the  auperiority  of  the 
transit  theodolite  is  immediately  jierceived,  the  reversal  of 
the  telescope  being  accomplished  by  the  simple  operation  of 
revolving  it  on  its  axis.  With  the  ordinary  theodolite,  the 
reversal  must  be  performed  by  opening  the  clips,  lifting  out 
the  telescope,  turning  it  round,  and  resetting  it  again.  The 
Everest  theodolite,  in  which  the  telescope  can  only  be 
reversed  by  turning  it  round  in  azimuth  tlirough  180°,  is 
still  less  adapted  for  this  purpose. 

TRAVERSING  WITH  THE  THEODOLITE. 

In  the  conduct  of  an  extensive  survey,  the  two  principal 
desiderata  are  accuracy  and  dispatch,  neither  of  which  should 
be  unduly  sacrificed  to  the  other.  To  obtain  both  theso  ends, 
the  principal  points  of  the  survey  should  be  determined  by  n 
system  of  triangles,  proceeding  from  an  accurately-measured 
base  of  considerable  length.  The  angles  of  these  triangles 
should  be  observed  with  a  large  and  perfect  theodolite,  con¬ 
structed  for  the  purpose,  or  with  an  altitude  and  azimuth 
instrument;  and  numerous  corrections  should  be  applied, 
for  the  spherical  form  of  the  eorth,  the  refraction  of  the 
atmosphere,  the  errors  due  to  the  imperfect  graduation  of 
the  instrument,  &c. 

The  bouiidaviee  of  the  entire  country  to  be  surveyed  being 
thus  determined  with  the  greatest  possible  accuracy,  and  a 
series  of  sUtions  laid  down  throughout,  the  spaces  included 
between  these  stations  may  be  subdivided  into  spaces  of 
smaller  extent,  the  boundaries  of  which  may  be  surveyed  with 
considerable  dispatch  by  means  of  the  chain,  and  u  portable 
theodolite,  such  as  we  have  been  describing  above :  and  lastly, 
the  details  of  the  country  within  these  spaces  may  be  sketched 
with  still  greater  rapidity  fay  means  of  the  prismatic  compass. 

The  boundaries  of  the  spaces  to  be  surveyed  by  the  chain 
and  small  theodolite  should  not  exceed  three  or  four  miles  in 
extent,  and  the  following  is  the  manner  of  proceeding. 

Let  a,  l>,  c,  d,  e,f,  represent  the  boundary  to  be  surveyed, 
and  let  a,  b,  and  c,  be  three  stations,  tliat  have  been  accu¬ 
rately  laid  down  by  the  previous  triangulation,  of  which  both 
B  and  c  can  be  seen  from  a,  and  a  can  he  seen  from  c.  First 
measure  with  the  chain  the  lengths  of  the  several  lines  a  b, 
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h  Cf  c  dt  (&c.,  taking  offsata  to  all  remarkable  pointa  on  either 
side  of  tlieae  linea,  in  the  tianal  manner,  and  driving  picketa 
at  a,  h,  c,  drc.  ^feaaure  also  the  diatancc  from  a  to  a,  and 
from  d  to  c.  These  nieaauromenta  liaving  been  made,  act 
up  tlic  theodolite  at  a,  level  it,  and  clump  the  vernier  plate 
to  the  lower  plate  of  the  horizontal  limb,  at  zero,  or  ao  tliat 
the  readings  of  the  two  verniers  may  be  3(50°  and  180° 
respectively,  this  adjustment  being  perfected  by  the  slow- 
motion  screw  t,  Next  move  the  whole  instrument  ronnd 
upon  the  azimuthal  axis,  till  the  object  d  is  accurately  bi* 
aected  by  the  cross  wires,  clump  it  Brmly  in  this  position  by 
the  screw,  tightening  the  collar,  and  enter  in  the  field 
book  the  rending  of  the  compass.  Now  rclcaac  tlie  vernier 
plnte,  and  turning  it  round,  bisect  the  object  c,  by  tlie  cross 
wires,  and  enter  the  readings  of  both  verniers  in  the  field 
book.  Observing,  in  like  manner,  the  bearings  of  any  other 
remarkable  objects,  and,  entering  the  readings  in  the  same 
way,  direct  the  telescope  lastly  to  a,  at  which  station  an 
assistant  must  be  placed,  with  a  staB'  held  upon  the  picket 
there  driven  into  the  ground,  and,  entering  the  rending  of  the 
vernier  as  before,  clamp  the  vernier  plate  carefully,  and  re> 
move  the  instrument  to  a.  Level  the  instrument  at  a, 
unclamp  the  collar,  and.  turning  round  the  whole  instru¬ 
ment  upon  the  azimuthal  aztis,  direct  the  telescope  to  the  la.-rc 
station  a,  tighten  the  collar  again,  and  perfect  the  adjustment, 
if  necessary,  by  the  slow-motion  screw  s.  Now  release  the 
vernier  plate,  and,  bringing  it  back  to  zero,  if  the  rending  ot 
the  compass  he  the  satue^  as  the  reading  previously  entered 
in  the  field  book,  we  assume  onr  work,  as  far  as  it  has 
gone,  to  be  correct ;  but,  if  not,  we  must  go  back  to  a,  ami 
go  over  the  work  again. f  Next,  wiiii  the  lower  plate  still 
damped,  and  the  vernier  plate  released,  enter  the  readings 

*  If  the  horizontal  limb  be  figured  throughout  one  semicircle  up  to 
180^,  and  then,  commencing  again  from  0^,  be  figured  up  to  ISO  at  tho 
original  etnrting-point,  the  readings  of  the  compass  will  be  the  attiie, 
as  stated  in  the  text;  bat  if,  os  in  the  transit  theodolite,  the  horizoiilid 
limb  be  figured  all  rouad,  from  0  up  to  360^,  tho  readings  would  differ  by 
ISO*’.  To  make  the  readings  tho  samo  in  this  c^iso,  tbo  observations 
at  the  second  station  should  be  madu  with  tbo  telescope  reversed,  by 
revolving  it  on  its  bearings. 

t  If  the  eumo  result  be  ugoin  orrivod  at,  we  may  presume  that  the 
compass  is  acted  on  by  some  local  attraction,  ouci  proceed  with  the 
work ;  and  the  accuracy  of  this  presamption  will  be  further  tested  as 
we  go  on. 
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wlien  the  tclescojie  is  directed  to  the  aeveral  remarkable 
points  visible  from  a,  nnd  lastly  direct  the  telescope  to  the 
next  forward  station  6,  as  before,  clamping  the  vernier 
))iate  at  each  observation,  and  perfecting  the  adjustment 
with  the  tangent  screw.  In  the  same  manner,  proceed  from 
£  to  c,  c  to  d,  and 
dtoc;  and,  hav¬ 
ing  directed  the 
telescope  at  o  to 
he  last  back  sta 
cion  d,  and  re¬ 
leased  the  ver¬ 
nier  plute,  direct 
the  telescope  to 
A  ;  and,  if  all  the 
angles  liave  been 
correctly  mea¬ 
sured  up  to  this 
time,  the  read¬ 
ings  of  the  ver¬ 
niers  will  now  be 
the  same  as  when, 
the  telesccpe  was 
directed  to  c  from  the  point  a.  Tf  then  w’e  have  not  been  able 
to  make  all  tbc  compass  readings  agree  at  the  previous  sta¬ 
tions,  after  going  twice  over  the  work  at  such  stations,  we 
may  now  consider  that  our  work  was  correct,  and  that  the 
errors  in  the  compass  reading  arose  from  some  local  attrac¬ 
tion,  or  extraordinary  variation  of  the  needle.  This  verifica¬ 
tion  of  the  work  at  c,  is  called  closiuy  tha  viorh. 

We  now  come  back  agaiu  to  d,  and  proceed  from  <2  to  e,  nnd 
to  on,  as  before,  till  we  come  to  some  other  station,  which 
has  been  observed,  either  from  a  or  c,  and  which  we  again 
close  upon,  and  at  last  arriving  at  /,  if  the  readings  agree 
within  a  minute  or  two  with  the  readings  for /,  previously 
observed  at  a,  the  wholo  work  may  he  considered  to  have  been 
performed  with  a  sufficient  degree  of  accuracy;  but,  if  the 
error  amount  to  more  than  amiuute  or  two,  we  must  proceed 
back  again  from  f  to  e,  and  so  on  till  we  find  out  the  station 
AC  which  the  error  has  occurred. 

If  the  ground  along  any  of  the  lines  a  6,  6  c,  <kc.,  rise  or 
fall,  suppose  for  instance,  along  6  c,  then  we  must  direct  th^ 
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telescope  from  h,  so  as  to  make  the  cross  wires  bisect,  upon 
the  staff,  held  upon  the  picket  ate,  a  point  at  the  same  distance 
from  the  ground  as  the  centre  of  the  telescope,  and  then  upon 
one  side  of  the  vertical  limb  is  ]>ointed  out  the  number  oi 
links  to  be  deducted  for  each  chain,  from  the  measured  dis¬ 
tance  h  c,  to  reduce  it  to  the  required  horizontal  distance 
This  reduction  is  then  to  be  entered  in  the  field  book.* 

PLOTTING  TRE  SDRVET. 

Having  now  explained  the  instruments  to  be  used  for  the 
measurement  of  botli  linear  and  angular  distances,  it  remains 
to  consider  the  means  to  be  used  for  laying  down  on  paper 
the  results  obtained  from  them.  Tliis  is  called  plotting  the 
turvey.  The  instruinents  to  be  used  in  plotting  are  described 
fully  in  Vol.  I.  Part  I.,  on  Drawing  Instruments. 

If  the  survey  has  been  made  entirely  with  the  chain,  the 
chain  lines  will  all  be  sides  of  triangles,  which  have  been 
measured,  and  the  survey  is  to  be  plotted  by  laying  down 
their  lengtlis  with  the  ordinary  or  beam  compasses,  accord¬ 
ing  as  they  are  short  or  long ;  and  the  offsets  from  them 
may  be  pricked  off  by  means  of  a  plotting  and  offset  scale. 

Care  must  be  taken  that  the  sheet  of  paper  is  Large  enough 
to  contain  the  work,  and,  also,  to  lay  down  tlie  first  line  in 
such  a  manner  that  the  whole  of  the  survey  shall  come  con¬ 
veniently  into  the  paper.  For  this  purpose  a  plot  of  tlie 
outline,  to  a  em.nll  scale,  should  first  be  made,  or  a  rough 
Bketcli  made  on  tlie  ground  will  frequently  suffice. 

Having  selected  the  position  for  the  first  line,  aud  laid  it 
down  of  its  proper  length,  the  lengths  of  the  two  other 
sides  of  the  triaugle,  of  which  it  forms  the  base,  are  to  be 
taken  with  the  compasses;  arcs  with  these  distances  being 
struck  from  either  end  of  the  base,  the  intersection  of  tlicse 
arcs  will  give  the  vertex  of  the  first  triangle  to  be  laid 
down;  and  the  sides  must  then  be  drawn  from  the  vertex  to 
either  end  of  the  base.  Proceeding  in  a  similar  manner  with 
tlie  other  measured  lines,  all  the  triangles  will  be  filled  in, 
and  the  detail  may  then  be  set  off  from  the  principal  lines 
tlnis  drawn. 

When  the  theodolite  has  been  used,  and  it  is  desired  to 
protract  the  angles  observed,  a  circular  protractor  of  some 

*  The  method  of  suireying  with  the  chain  and  theodolite,  ex- 
plaioed  above,  is  called  aurveying  by  traverse. 
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kind  muat  be  iiaed.  The  different  forme  of  tliia  instriiment 
nre  described  in  Mathematical  Tnetrumente,"  Part  I.,  and 
tlieir  respective  advantages  pointed  out. 

In  plotting  a  traverse,  unless  great  care  be  used,  both  as  to 
the  lengths  of  the  lines,  and  their  angular  bearings,  the  work 
will  not  close  accurately;  and,  before  protractors  were  so 
perfectly  constructed  as  at  present,  either  the  method  of 
northings  and  southings,  eastings  and  westings,  hereafter 
described,  bad  to  be  employed,  or  the  angles  had  to  be  pro¬ 
tracted  by  chords. 

To  protract  by  chords,  find  in  a  table  of  sines,  the  sine 
of  half  the  angle  to  be  protracted,  and  double  it.  The 
number  thus  found,  multiplied  into  a  convenient  length, 
will  give  the  chord  of  the  angle  to  a  radius  of  the  assumed 
lengtii,  and  an  arc  being  described  with  this  radius,  the 
chord,  laid  in  it,  will  subtend  at  the  centre  th«  required  angle. 
Thus,  to  set  an  angle 
of  34*^.  In  the  table  of 
sines,  the  sine  of  or 
17“,  is  -29237,  and,  mul¬ 
tiplying  this  by  200,  we 
liave  58'5,  for  tiie  chord 
of  34*  to  radius  100.  To  set  off  this  angle,  then,  from  the 
point  A  of  tlie  line  ab;  with  radius  100  describe  the  arc 
D  E,  intersecting  a  b  in  d,  and  with  radius  58*6,  from  centre 
D  cut  the  arc  n  b  in  e  :  tlien  d  e  will  be  the  chord,  and 
DAB  will  be  the  required  angle,  of  34<>,  In  practice,  it  is 
not  necessary  to  draw  a  long  arc  d  e,  but  only  to  mark  the 
position  of  D,  and  describe  two  small  arcs  at  e  with  radii  a  d, 
and  D  E,  respectively. 

The  process  of  laying  down  angles  by  the  system  of 
chords,  just  explained,  gives  results  far  more  accurate  than 
can  be  obtained  by  any  other  means,  since  they  can  be  proi 
tracted  by  tlie  beam  conipa.ss  with  radii  as  large  as  we  please. 
This  mode  is  necessarily  used,  therefore,  for  laying  down 
the  principal  angles  of  a  trigonometrical  survey  on  a  large 
scale.  In  fact,  for  all  large  triangles,  protracting  by  chords 
is  the  only  trustworthy  method,  and  should  always  he 
resorted  to  when  the  sides  of  the  triangles  exceed  two  feet 
in  length. 

Tlie  method  of  northings, southings,  eastings,  and  westings, 
if  another  moat  admirable  system  of  plotting,  especially  nseful 


76 


ItATnElfATICAli  IKSTBUUENTfl 


when  it  la  a  principal  point  to  obtain  the  area  of  an  eatateof 
pariah,  &c.  Tlie  firat  step  is  to  procure,  or  form,  a  table  of 
northings,  southings,  eastings,  and  westings^,  for  all  angles 
made  with  a  meridian  line,  and  for  all  distances  from  1  to  100. 
These  (liatancca  may  be  cither  links,  fcet.chaina,  or  estimated  in 
any  denomination  whatever,  and  the  corresponding  northinga, 
southings,  eastings,  and  westings,  will  be  in  the  same  denomi* 
nation.  This  table  ia,  in  fact,  nothing  more  thai  the  products 
of  the  sines  and  cosines  of  the  angles,  made  with  the  meridian 
line,  multiplied  by  the  several  distances,  and  tlie  following  ia 
the  methodof  using  it.  Takeout  from  this  table  the  northings, 
southings,  eastings,  and  westings,  mode  on  each  of  the  lines 
of  the  survey,  the  line  from  wliich  the  angles  have  been 
measured  bciugfor  this  purpose  assumed  as  the  meridian,  no 
matter  in  whut  direction  it  may  lie,  and  place  them  in  a 
table,  which  wo  may  call  a  traverse  table,  in  four  separate 
columns,  being  the  third,  fourth,  fifth,  and  sixth  columns  of 
the  tablef,  headed  N.,  S.,  E.,  and  \V.  respectively.  Add  up 
these  several  columns,  and,  if  the  work  is  so  far  correct, 
the  sum  of  the  nortbinga  will  equal  the  sum  of  the  south¬ 
ings,  and  the  sum  of  the  eastings  will  equal  the  sum  of 
the  westings.  Then,  in  two  additional  columns,  enter  tlie 
whole  quantities  of  northing  and  easting,  made  at  the  ter¬ 
mination  of  each  of  the  several  hounding  lines  of  the  survey. 
These  quantities  will  be  determined  by  putting  zero  for  the 
greatest  southing,  and  adding,  or  subtracting,  the  northing, 
or  southing,  made  on  each  particular  line,  to,  or  from,  the 
whole  quantity  of  northing,  made  at  the  beginning  of  tliia 
line,  or  at  the  termination  of  the  preceding  line  ;  and  again, 
by  putting  zero  for  the  greatest  westing,  and  adding,  or  sub¬ 
tracting, the  easting, or  westing,  made  on  each  line,  to, or  from, 
the  whole  quantity  of  eastlug  at  the  beginning  of  tbs  line. 

The  preparatory  table  having  been  formed,  the  plot  may 
be  laid  down  with  great  accuracy;  and,  for  an  extensive 
traverse  of  a  mile  or  two  across,  no  method  will  give  better 
results,  although  it  is  a  little  tedious.  It  is,  however,  applied 
with  greater  facility,  if  a  rough  sketch  of  the  work  be  first 
plotted  os  a  guide.  This  rough  sketch  will  enable  a  point  on 

*  This  iahlfl  is  the  same  as  the  table  given  in  books  on  navigation, 
and  then  called  a  table  of  latitude  and  departure. 

t  The  first  and  second  columns  of  the  traverse  table  contain  the 
oounes  and  distancea. 


VGA  MEASDRINO  ANGLES. 


77 


tbe  paper  selected  for  the  afikrting-point,  through  which 
a  line  ehould  be  drawn  to  represent  a  meridian.  The  north- 
ingB  and  southings  may  be  marked  off  on  this  line,  measuring 
each  distance,  taken  from  columns  3  and  4,  from  the  point 
last  found,  and  proceeding  upwards  for  the  northings,  and 
downwards  for  the  southings.  The  accuracy  of  the  divi¬ 
sions  may  then  bo  checked,  by  measuring  their  respective 
distances  from  the  lowest  division  thus  obtained,  as  these 
distances  ought  to  agree  with  the  total  northings  in  column  7. 
Lines,  perpendicular  to  the  meridian,  are  then  to  be  drawn 
tlirougli  the  divisions  thus  found,  and  on  these  pcrpendicnlars 
arc  to  be  set  off  the  castings  and  westings.  Mark  them  off, 
first,  on  one  of  the  east  and  west  lines  just  drawn,  measuring 
each  distance,  taken  from  columns  6  and  6,  from  the  point 
Inst  found,  to  tiie  right  for  eastings,  and  to  the  left  for  west¬ 
ings  ;  then,  opposite  the  division  thus  found,  upon  their 
])roper  perpendiculars  to  tlie  meridian,  will  be  found  the 
correct  position  for  plotting  the  points  of  the  survey.  Much 
labour  may  be  saved  by  making  the  plot  on  paper  previously 
ruled  with  two  sets  of  equidistant  parallel  lines,  at  right 
angles  to  each  other,  the  distances  apart  of  the  lines  accord¬ 
ing  with  the  scale  to  which  the  plot  is  to  be  made. 

To  compute  tlie  Area  of  the  Plot. — Rnle  six  additional 
columns.  In  the  first  of  these,  or  ninth  column  of  the 
traverse  table,  set  the  sums  of  the  total  northings,  and  in  the 
tenth,  tlie  sums  of  the  total  eastings,  at  the  beginning  and 
end  of  each  line  in  the  survey  ;  which  sums  will  be  found  by 
adding  together  each  pair  of  succeeding  numbers  in  the  two 
preceding  columns.  In  the  eleventh  column  set  the  products 
of  the  eastings,  made  on  the  respective  lines  of  the  survey, 
found  in  the  fifth  column,  multiplied  by  the  corresponding 
sums  of  the  total  northings,  in  the  ninth  column  ;  and  in  tba 
twelfth  column  act  the  products  of  the  westings,  found  in  the 
sixth  column,  and  the  corresponding  sums  of  the  total  north¬ 
ings  in  the  ninth  column.  Sum  up  the  eleventh  and  twelfth 
columns,  and  the  di^erence  of  the  totals  thus  found  will  ha 
twice  the  area  of  the  plot.  Again,  in  the  thirteenth  and  four¬ 
teenth  columns,  set  the  products  of  the  northings  and  south* 
ings  in  the  third  and  fourth  columns,  multiplied  by  the  cor¬ 
responding  sums  of  the  total  eastings  in  the  tenth  column, 
and  the  diUerence  of  the  totals  of  the  thirteenth  and  four¬ 
teenth  columns  will  again  be  twice  the  area  of  the  plot.  If 
it  agree  nearly  with  the  doable  area  before  found,  it  showa 
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<hc  calciilntiona  to  have  been  correctly  performed.  (We 
give  an  example  in  the  preceding  page.) 

The  near  agreements  of  the  sums  of  the  third  and  fourth, 
and  of  the  fiftli  and  sixth  columns,  is  a  test  of  the  accuracy 
of  the  survey;  in  columns  7  and  8,  we  have  the  distances 
to  be  set  off  by  the  plotting  scale  ;  in  column  9,  we  have  the 
multipliers,  by  which  the  cast  and  west  products,  in  columns 
11  and  12,  are  found  ;  and  in  column  10,  we  have  the  mul¬ 
tipliers,  for  tinding  the  north  and  south  products,  in  columna 
13  and  14.  The  diSerence  of  the  sums  of  the  eleventh  and 
twelfth  columna  gives  double  the  area;  the  dificrence  of  tho 
sums  of  the  thirteenth  and  fourteenth  gives  again  double  the 
area;  and,  taking  the  mean  of  these  results,  by  adding  them 
together,  and  dividing  by  4,  we  obtain  the  area,  most  pro¬ 
bably  to  within  a  quarter  of  a  perch,  since  the  two  double 
areas  differ  by  less  than  a  perch. 

In  exploring  a  wild  country,  of  which  we  have  only  a  very 
imperfect  map,  as  a  guide,  or  perhaps  none  at  all,  the  com¬ 
putations  of  the  northings,  southings,  castings,  and  westings, 
become  indispensable,  that  the  observer  may  determine  his 
position,  in  the  same  way  as  the  sailor,  who  makes  use  of  the 
same  distances  under  tho  names  of  latitude  and  departure. 

CUAPTER  IV. 

INSTRUMENTS  FOR  DETERMINING  AT  ONCE  THE 
DISTANCE  OF  AN  OBSERVED  OBJECT. 

TUB  STADIUM  FOR  MEASURING  DISTANCES  IN  RIFLE  PRACTICE. 

This  instrument,  used  throughout  the  army  for  the  rapid 
measurement  of  distances  with  sufficient  accuracy  for  the 
purpose  of  rifle-practice,  was  originally  designed  by  Major 
A.  C.  Cooke,  R.E.,  and  introduced  in  its  present  form  by 
Major-General  Hay,  the  Inspector-General  of  Musketry. 

ABC  (Fig.  1),  represents  the  stadium. 

A  is  a  side  sighL 

B  ,,  front  ditto. 

O  ,,  back  ditto. 

H  „  movublo  ditto. 

D  E  is  n  tapo  or  chain. 

D  H  is  tho  balance  tu  bo  measured. 

The  principle  of  the  stadium  depeuds  on  the  well-known 
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mntbomaticAl  proposition,  that 
in  similar  triangles  the  similnr 
sides  are  proportional.  In  the  two 
triangles  e  d  ii,  a  n  n,  the  right 
angle  e  d  n  is  equal  to  the  right 
angle  ABU,  and  (he  angle  e  n  d 
is  eommon  to  both  triangles : 
the  two  triangles  arc,  therefore, 
similar,  and  their  sides  proper- 
tional :  n  d  has  therefore  the 
same  proportion  to  n  B,  that  e  d 
has  to  A  D.  The  length  of  n  e 
is  fixed,  and  that  of  b  a  being 
also  fixed,  their  proportion  is 
known  :  suppose  it  to  be  as  120 
to  1,  then  D  a  will  also  be  120 
times  B  n. 

To  construct  the  stadium, 
then,  it  is  only  necessary  to  fix 
on  a  suitable  proportion  be¬ 
tween  D  K  and  n  a,  say  120  to 
1,  ond  then  to  mark  the  divi¬ 
sions  on  B  o  120  times  their  real 
length  ;  that  ie,  if  d  ii  is  really 
12  inches,  it  is  marked  120 
feet,  and  indicates  the  distance 
from  D  to  n.  In  fact,  every 
inch  on  n  B  corresponde  to  a 
distance  of  10  feet  and  is 
marked  accordingly. 

The  absolute  correctness  of 
the  result  obtained  depends 
upon  the  two  triangles  a  b  ir, 
EDn  being  strictly  similar,  and 
this  again  depends  upon  the 
tope,  D  E,  being  held  exactly  at 
right  angles  to  d  n  ;  for  if  it  is 
not,  the  angle  e  d  h  will  not  he 
equal  to  the  angle  a  b  u.  It 
is  desirable,  therefore,  to  aeccr- 
tain  what  error  in  the  determi¬ 
nation  of  the  distance  may  be 
expected  fr?m  this  cause. 
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Suppoee  D  E  to  be  bold  ae  much  out  of  tltc  pcrpendiculnr 
ae  is  sliown  in  Fig.  2.  The  real  distance  d  h  remaining  tlie 
sarae,  the  distance  indicated,  by  b  h.  on  the  stadium,  is  evi* 
tlcnlly  very  different  in  Fig-  2,  to  what  it  is  in  Fig-  1.  Let 
F  a  be  an  imaginary  tape  held  at  right  angles  to  v  h,  the 
end  of  which,  o,  falls  on  the  prolongation  of  ii  e  ;  it  is  evident 
that  the  distance  indicated  on  the  stadium  will  be  that  of  r  h, 
and  the  amount  of  error,  or  tlie  difference  between  the  real 
aud  the  indicated  distance,  will  he  p  d. 


Put  F  D  s  error  to  be  dctcrmiiiod. 

E  R  =  e  =  I  D  =  the  number  of  yards  that  the  man  at 
tlic  end,  K,  of  tlic  tape  is  out  of  the  perpendicular. 
H  F  =  (2  =  apparent  distance  ; 

\:t  z*=  t  =  F  o  ==  length  of  tape,  in  yards; 


then  t □  : 


I  7 

:  U  F - =  tt 

F  O 


y/0-€^ 


syt'—e* 

D _ I  H  —  I  n  =  iZ - ^ -  —  e ;  when  the  angle 

E  D  u  is  greater  tlian  a  right  angle;* 

=  iii-i-uD  =  t2  — — j - h  ^  i  when  the  angle 


E  n  H  is  less  than  a  right  angle. f 


And  X  =  n  D 


H  F  =  —  tZ  ( 1  - 
\ 


)  — 'a;  when  the 


<  / 

angle  e  d  n  is  greater  than  a  right  angle.* 

=  —  <2  K - j - J  +  ^ ;  when  the  angle 

E  D  II  is  less  than  a  right  angle. f 
By  substituting  values  of  i,  e,  and  d,  in  these  general 
equations,  the  amount  of  error  in  the  distance  indicated  on 
the  stadium  can  be  calculated  under  all  conditions. 


*  Iq  this  esM  the  correctloo  is  always  negative,  or  to  be  6ub> 
tracted  from  the  dietiiDce  indicated. 


— 1,  and  some* 

times  less  :  in  the  former  case  tbo  correction  is  positive^  or  to  be 
added ;  in  the  latter  oegative,  or  to  be  eubtracted. 


Q 
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Tho  indications  of  the  stadium  are  also  liable  to  error  from 
a  second  u  use,  namely,  the  tape  not  being  held  horizontal. 
In  thit  case  the  effect  will  he  the  same  as  if  the  tape  were  too 
sliurt.  Using  the  same  notattun  as  before,  t  representing 
tlie  difference  of  level  between  the  two  ends  of  the  tape,  tlie 
equation,  obtained  from  Fig.  3,  will  he 


r. . 


r 

c 


Fig.  .‘b 


X  =.  —  d 


The  fulluwiiig  table  has  been  calculated  from  this  equa¬ 
tion  : — 

Table  thowlntj  the  trror  ia  the  huUcatlont  of  the  stadium 
wheu  the  ixo  ends  oj  the  tape  or  chain  are  not  horiiontar, 
t  ssa  id  =  length  of  hipo,  in  yards. 

e  «  dificrenco  of  level  between  the  two  ends  of  the  Upe  or 
chain. 

d  distance  indicated  by  tlie  otadium,  in  yards. 

X  —  error  in  distance  indicated,  to  bo  subtracted  from  the 
reading  of  the  stadium. 


*  This  correction  is  always  negative.  If,  however,  the  inatnment 
instead  of  being  used  with  ii  a  horizontal,  wero  held  with  b  a  parallel 
U>  ibe  tape,  no  error  could  ariso  from  want  of  hori7.ontality  in  the  tapa 
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EDOEWORTU'b  8TADIOMETEB  OR  SCRVETINO  IX6TRCMENT. 

This  inatrument  ie  mounted  on  an  ordinary  tripod  atand, 
aud  coneiHtB  of  a  act  of  parallel  plntca  ond  acrews,  marked 
o'  (Fig.  1) ;  a  round  disc,  marked  a,  on  wliich  a  ahcct  of 
popor  can  lie  fastened  by  nienna  of  tlic  little  clipa  cc';  a 
telescope  m  b,  fitted  on  an  arc  o,  which  has  a  vertical  motion 
in  a  frame  p  o  ;  and  this  frame  p  o  has  a  circular  and  in« 
dependent  motion  round  the  disc  or  table  a.  There  ie  a 
acole  D  d',  fastened  in  the  frame  r  a,  the  centre  of  which 
corresponds  with  the  centre  of  the  instrument,  and  which  ia 
graduated  to  the  scale  to  which  the  surveyor  wishes  to  have 
his  survey  plotted.  The  telescope,  m  b,  is  fitted  with  a  dia- 
)diragm,  with  two  horiEontal  hairs,  distant  from  one  anotlicr 
H  hondredth  part  of  the  focal  length  of  the  object-glass. 
From  this  proportion  it  follow’s  that,  when  an  ordinary 
levelling  staff  is  held  on  any  distant  point,  and  the  tclcscupe 
brought  to  bear  upon  it,  if  the  readings,  in  feet  and  decimals 
of  a  foot,  of  the  intersections  of  the  hairs  on  the  staff'  ho 
observed,  their  difference,  multiplied  by  a  hundred,  gives 
tlie  true  distance,  in  feet,  of  the  staff  from  the  instrument. 
The  hairs  can  be  adjusted  by  means  of  the  screws  n  and  r', 
from' ohaervationa  on  a  staff  at  a  known  distance. 

We  have  thus  a  simple  and  speedy  method  of  measuring 
the  distances  around  the  instrument. 
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Some  cOiTcction,  lio\ve\’cv,  of  tin’s  nictbod  must  be  umdo  iu 
obtaining  ilistances  in  I'pccipitous  gronmla  ;  in  such  cascti  it  la 
ncce^fiiai y  (liattlic  etalV  tlioultl  be  held  at  viglit  angles  to  tlio 


axis  of  tlic  tc-lescopo  observing  it,  and  not  n))rigiit,  as  tlio  stafl 
man  would  feel  naturally  disposed  to  hold  it.  Tims  t lie  operation 
of  dot  errnining  a  distance  in  precipitous  ground  is  as  follows :  — 
The  instrument  is  at  the  i)oint  a  (Tig-  ~),  and  the  hori¬ 
zontal  distance  a  f  is  required  to  be  hnowo.  Tlio  man 
holding  the  staff  sights  the  instrnment  through  a  hole,  bored 
square  ilirougli  the  staff  at  c,  or  other  device,  so  tliat  when 
lie  sights  tlie  instniiucnt,  tlio  staff  must  neeessarily.be  at  riglit 
angles  to  tlio  line  of  siglit.  ife  then  sigmds  to  the  observer, 
who  talccs  tlio  leadings  at  u  and  d,  tlie  difference  of  wliich 
multiplied  by  100,  is  ilic  true  distance  from  c  to  a.  This, 
corrected  for  the  livputhenusal  excess,  gives  the  liorizontal 
distance  a  f.  It  is  to  be  observed  that  tliese  ccrrectioos  are 
only  iicccssiiry  in  j)recii»itoiis  jilaces  ;  and  that,  as  a  general 
rule,  w  hen  the  obliquity  of  tlie  ground  is  leas  tlian  15'^,  tliere 
is  no  appreciable  error  introduced  by  taking  tlie  readings  of 
the  staff  held  in  the  ordinary  way,  and  no  necessity  for  any 
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correction  on  account  of  tho  gxccbb  of  bypotlicnusal  over 
base  loni'tli. 

'i'iic  curi'GClioii  for  liypotlicnusul  over  base  diutanccfi  is 
morked  on  tlic  limb  o,  wliicli  is  moved  by  a  tlnimb>scre\r, 
aB  in  a  tlieodolitc. 

Tlic  operation  of  surveying  with  this  instrument  is  as 
fnllowR  : — The  surveyor  first  sets  out  his  base  lines  and 
lines  of  trinngulalioii,  which  he  can  do  with  the  telescope. 
M'lie  b.osc  line  should,  of  course,  he  chniiied,  If  it  is  at 
lill  nn  extensive  survey,  and  slakes  driven  at  suitahle  and 
known  points.  Tlio  iiislrument  is  then  hy  means  of  a 


plumb  bob,  aet  vertically  over  any  of  these  jioijita.  A 
sheet  of  paper  is  put  on  tjic  table,  and  a  line  to  correspond 
with  the  base  line  of  the  survey  marked  on  the  sheet.  'J’liis 
line,  by  means  of  tiie  telescope,  is  brought  to  coincide  in  di¬ 
rection  with  the  baseline,  and  the  table  is  then  clamped  hy 
the  screw  w.  The  staff  men  now  take  their  staves  to  the 
various  salient  points  in  the  surrounding  ground,  such  as 
A,ji,  c,  D.  ■  (Fig.  3.) 

The  distances  of  these  points  from  the  instrument  are 
measured  by  means  of  the  hairs  in  tlic  eye-piece  of  tlie  tele  • 
scope ;  and  their  directions  correspond  with  the  directions  of 
the  telescope.  \\  hen,  then,  the  distances,  corrected,  if  ne¬ 
cessary,  for  hypothenuaal  c.xcess,  are  taken  along  the  scale 
D,  d',  and  ntariced  on  the  paper,  the  points  thus  shown  are  in 
their  true  positions  on  the  plan  ;  and  a  line,  drawn  through 
these  points  with  a  pencil,  completes  the  plotiing  of  the 
rough  sketch.  When  the  surrounding  fences,  houses,  roods. 
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{lODds,  Ijavo  l^ccn  observed,  the  instnnneiit  is  moved  on 
10  tl)C  next  Rtalioii,  and  aiudhcr  pajicr  put  on.  a  note  having 
been  previously  nia<.lc  on  the  oKl  j)apor  ol  what  portion  of 
tlic  survey  it  rei'erred  to.  TIic  surveyor,  in  the  evening, 
transfers  all  these  detached  portions  of  the  survey  to  his  office 
plan,  by  means  of  tracing,  pricking  throngb,  or  other 
draiightsmairs  device. 


The  advantages  claimed  by  this  system  over  the  ordinary 
methods  of  cliaiiiing  distances,  and  taking  offsets,  are  these  : — 

1.  A  far  increased  rate  of  speed  in  the  field. 

2.  The  reduction  to  the  minimum  of  office  operations, 
wliich  are  at  present  so  tedious,  and  occupy  nearly  as  much 
time  as  the  field  work. 

•j.  In  ])Iace6  wliere  waters,  or  inaccessible  heights  intervene, 
and  where  one  cannot  chain,  but  must  triangulate,  tliis  mc- 
tljod  of  obtaining  distances,  and  thoir  position,  is  obviously 
most  advantageous. 

•1.  Tlic  physical  exertion  of  the  surveyor  is  considerably 
reduced  ;  for,  instead  of  following  the  chninman,  lie  has  only 
to  sLay  by  his  iiistrunient. 

0.  The  chances  of  error  are  reduced,  because  an  errorin  one 
ohservation  is  confined  to  that  one  operation,  and  not  brought 
forward  ns  in  the  ordinary  method;  and  the  surveyor  has  an 
opportunity  of  comparing  his  plotted  survey  with  the  ground. 

6.  The  levels  of  the  ground,  or  contour  lines,  can  be  ascer. 
tained  during  the  operations,  and  marked  on  the  survey. 

It  is  to  be  observed,  that  the  scale  d,  d'  Is  capable  of  being 
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changed  fur  any  scale  that  tiie  Biiwcyor  niiiv  \\  ibli  t'j  nse; 
nml  that  tlic  plate  a  conies  ofl*;  whieli  adiiiils  ot  the  iiiotiu- 
iiicnt  helng  tilled  into  a  very  liaiul^' tl.il  Ix  x.  'I  he  plate  a  ii 
oiglit  inches  in  diameter,  and  would  ihiis  c  .iiimiainl ,  lu  a  scale 
of  200  feet  to  ihe  iiicli,  SOO  feet  on  I'oih  siilcs  «)i  the  ha.se  lino. 

Moreover  liie  disc  ia  divide^l  into  ilcgrccs,  and  may  he 
used,  as  in  a  theolodite,  for  taking  horizontal  aii-les.  A  eoiii- 
j)asa.  also,  can  be  attached  to  this  instrument  when  necessary. 

This  instrument  has  been  used  with  considerable  eucco-s 
in  several  railway  surveys,  for  which  it  is  particularly  suile<l. 


THF  OMNIMKTrn. 

An  instrument  called  an  omnimetcr  ha.s  recently  boon 
invented  by  1^1.  Kckhold,a  German  engineer.  It  is  intcndp«l, 
like  the  stadiometor  just  described,  to  measure  hase  linns 
and  distances,  without  chaining,  and  also  differences  of  alti¬ 
tude  and  angles.  It  ia,  however,  n  far  more  perfect  inotru- 
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men  tli.Tii  ibc  oladiuuicter  ;  and  we  arc  assured  by  ML’.'Sra. 
Llliuli,  tliat  if.  gives  woudeii'ully  accuralc  results. 

The  insf iniueiit,  represented  in  1,  ou  ibc  (jpposito 

page,  Consists  (d'  the  I'olltiwing  parts: — 

A  giadiiaicd  limb  (I),  reading  by  means  of  a  vernier  to 
ten  seconds,  lur  the  m  a-nremciit  ot  liorizuntal  angles  ; 

A  good  telescope  f),  rcxoilving  in  a  plane  perpendicular 
t‘i  the  limb  ; 

A  p(j\verfal  microsco])e  '3;,  el«>scly  united  to  tlie  telescopic; 

A  lii'gblv  sensitive  level  (4)  lying  upon  a  rule  (o),  wliieli 
li.as  a  fixed  length  (of  twenty  centimetres,  for  example)  ; 

A  sealc  (G),  fixed  vertically  at  the  extremity  of  the  said 
rule,  in  the  jilane  of  the  optical  axis  of  the  microscope,  and 
divided  into  half  nii]lin:etres,  the  millimetres  only  being  indi¬ 
cated  by  figure.s  fiom  1  to  100; 

A  micrometrical  screw  (7),  attached  to  the  base  of  the  scale, 
and  giving  the  correct  reading  of  the  scale  to  the  i  t,Sro  of  a 
rnilliraLlrc,  denoted  on  the  graduated  circle  of  the  screw  ; 

A  second  extremely  sensitive  level  (8),  capable  of  being 
applied  to  tbo  telescope,  and  of  (Ictcrmining,  in  case 
of  need,  its  horizontality  ; 

Furtber,  of  all  the  iiccessaiy  screws,  keys,  and 
other  matters,  required  to  secure  the  cflioiont  working 
of  the  iijstj'umeiil. 

As  the  necessary  complement  of  the  omnimeter, 
there  is  a  start',  Fig.  2,  not  divided,  having  an  invari¬ 
able  length  (as.  for  o.xample,  three  metres),  defined  ou 
jt  by  two  while  lines  ou  a  black  ground,  one  at  the 
upper,  and  the  other  at  the  lower  extremity  of  the  staff. 

The  instrument  is  used  in  the  following  manner; — 

Supposing  that  the  distance  between  any  two 
)-oiut3  is  required,  Ibo  first  tiling  to  bo  done  is 
to  place  the  start',  which  must  bo  held  in  a  truly 
vertical  position,  at  one  of  tbo  points  ;  tbo  omni- 
meter  is  set  up  at  the  other  point,  and  levelled  ;  the 
telescope  is  then  directed  to  the  upper  white  line,  »i,  ^ 

of  the  stall  and  clamped  ;  and  the  inclination  of  the 
telescope  is  thou  read  ofl'  on  Iho  scale  by  means  of  the 
microscope.  On  account  of  tbe  figures  being  magnified  by 
the  microscope,  oulj’  one  number  at  a  time,  of  the  100  ou 
Iho  scale,  can  bo  seen  ;  suppose  the  reading  to  be  07  (milli- 
uietrcs),  plus  the,  as  yet  unascertained,  fraction  comprised 


FOR  DETERITTNINQ  DISTANCES. 


01 


In  tbe  preceding  example,  the  staff  was  supposed  to  be 
placed  at  one  end  of  Ihe  line,  and  the  onmimelcrat  the  other. 
This  mode  of  operating  is  not,  however,  the  only  one. 
There  are  two  others  ;  one,  by  placing  the  omnimeter  in  line 
with  the  two  points,  the  other,  by  fixing  it  at  some  point  out 
of  this  line.  In  either  of  these  modes  .a  staff  must  be  set  up 
at  each  of  the  points.  In  the  first  case,  the  total  distance  is 
oljtained  directly,  by  adding  together  the  back  and  foresights. 
In  the  second  case,  the  distance  is  obtained  by  taking  the 
measure  of  the  horizontal  angle  from  the  limb,  and  calcu> 
lating  the  base  of  the  triangle,  trigonometrically,  by  mean.q 
of  the  angle,  thus  obtained,  and  the  two  sides. 

For  the  establishment  of  a  base  of  triangulation,  the  latter 
method  is  that  which  is  recommended  for  adoption  ;  for  if 
we  proceed  thus  by  small  distances,  from  ten  to  twenty 
moires  on  each  side  or  thereabouts,  a  base  line  of  1000 
metres  may  be  easily  measured  within  an  approximation  of 
0  004  m.;  a  result  which  is  quite  satisfactory.  In  fact,  if  for 
a  distance  of  ten  metres,  the  scale  gives  us  the  difference 
0‘06  m.,  it  will  give  for  a  distance  of  9'99996m.  the 
difference  0'060000'2m.,  a  quantity  appreciable  on  tho  circle 
of  the  micrometer.  The  nature  of  this  operation  requiring 
extreme  exactness,  tbo  staff  should  have  both  faces  similar 
to  that  already  described,  should  be  provided  with  contri¬ 
vances  to  ensure  its  vcrticality,  and  its  base  should  be  armed 
with  a  steel  point,  to  rest  on  iron  pickets  driven  into  the 
ground. 

For  tho  mcasui  emcnt  of  the  slope,  or  inclined  distance,  o 
the  operation  requires  further  the  reading  off  of  the  height 
u  H,  on  the  scale.  We  have  then  a  new  proportion  : 

A  n  111  hi  ,  #  7«  wi'  X  B  H  , 

-  = — - —  :  whence  m  d  =  - ; 

B  n  m  D  '  A  B 

and,  then, 

o  nt*  =  y/  w'.  D*  +  o  d’. 

In  using  the  omnimeter  it  has  been  found  that,  where 
extreme  accuracy  of  distance  is  required,  it  is  not  prudent 
to  make  the  points  moro  than  200  metres  apart.  At  this 
distance  an  approximation  ^vitbin  0*4  m.  is  obtained.  At 
fiOO  metres,  by  making  use  of  a  staff  four  metres  high,  the 
approximation  -will  be  within  0-17  m,;  a  sufficiently  satis¬ 
factory  result ;  as,  by  one  fore  and  one  back  sight,  we  can 
determine  a  kilometre  within  0*84  m. 
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In  levelling,  the  operation  is  identical  with  that  jnsi  de¬ 
scribed  for  the  measurement  of  inclined  distances*  The 
difference  of  altitude  is  given  by  the  formula 

,  ni  m'  X  B  n 
m  p  = - - - ; 

that  is,  three  (metres),  multiplied  by  the  reading  at  the  lower 
sight  divided  by  the  difference  of  the  reading  at  the  two  sights. 

Fcr  distances  not  exceeding  100  metres  the  differences  of 
altitude  are  obtained  within  a  fraction  of  a  millimetre,  and 
for  greater  distances,  at  which  the  instruments  at  present  in 
use  are  inoperative,  the  measurement  can  be  obtained  wilhio 
n  millimetre.  This  degree  of  precision  is  attained  because  : 

1.  Id  placing  the  instrument  it  is  not  necessary  to  centra¬ 
lise  the  optical  axis. 

2.  Because  the  operator  has  always  to  point  his  telescope 
on  the  same  lines  of  the  staff,  which  is  generally  of  an 
invariable  length,  viz.,  three  metres. 

8.  There  cannot  bo  a  doubt  in  the  readings  ;  as  in  those  of 
the  graduated  levelling  staves,  for  which  recourse  must  be 
had  to  estimation. 

In  difficnlt  and  hilly  ground,  levelling  with  any  of  the 
ordinary  levels  becomes  n  long  and  expensive  operation, 
because  the  sights  are  necessarily  short,  and  the  number  of 
them  multiplied,  iii  proportion  to  the  steepness  of  the  incline. 
The  omnimeter  allows  of  levelling  points  placed  at  great 
distances  apart,  and  which  make  considerable  angles  with 
tbe  horizon. 


CHAPTKR  V, 

IKSTRUMEKTS  FOR  THE  DET’ERillNATION  OF 
CONSIDERABLE  HEIGHTS. 

Im  an  earlier  part  of  this  book  the  inslruments  necessary  to 
be  used,  to  obtain  an  accurate  knowledge  of  the  undulations 
of  any  portion  of  ground,  have  been  described,  and  the  method 
of  using  them  explained.  The  levels  there  described,  iiow- 
ever,  were  only  capable  of  measuring  differences  of  altitude 
of  a  few  feet,  from  each  station,  or  place  of  observation,  and 
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fi  coiitinuea  series  of  atntions  had  to  be  selected,  and  a  very 
Itirge  number  of  observations  to  be  taken,  to  determine  the 
(lifl'crence  of  altitude  along  aline  of  considerable  length.  If 
the  object  in  view  were  only  to  obtain  the  difference  of  alti¬ 
tude  of  two  points,  where  this  difference  was  large,  the 
process  of  levelling  would  be  altogether  inexpedient.  The 
result  may  then  be  arrived  at  by  taking  angles  of  elevation 
of  the  object,  of  which  the  altitude  is  desired,  from  different 
points  on  a  base  line  ;  and  if  this  operation  be  well  conducted, 
it  will  give  the  most  accurate  results;  but  this  mode  will 
occupy  considerable  time,  and  involve  much  labour  in  com- 
jiutation.  For  observing,  therefore,  the  height  of  hills  or 
iimuntains,  barometers  and  thcrmonicrcrs  are  much  used 
and,  when  odsipted  to  such  use,  are  calletl  h^ptomctrical  in- 

The  determination  of  altitudes  by  the  barometer  is  deduced 
from  tlio  difference  in  the  weiglits  of  tlie  anperincumbent 
Cdlumns  uf  atmoaplicre,  liaviug  the  same  sectional  area,  at 
the  two  stations  at  which  the  observations  are  made. 

Tlic  barometer  is,  in  fact,  an  instrument  for  measuring  the 
wciglit  of  the  atmosphere.  It  w'as  invented  in  1643,  by 
Torricelli.  Up  to  his  time  various  phenomena,  now  known 
to  be  caused  by  the  pressure  produced  by  the  atmosphere  in 
consequence  of  its  weight,  were  conaidcred  to  be  accounted 
for  by  ilie  statement  that  Nature  abhorred  a  vacuum.  Torri¬ 
celli,  in  investigating  the  phenomenon  of  water  ascending 
in  a  pump,  found  that  it  could  not  be  raised  beyoi.d  a  certain 
di.stance,  and  consequently,  Nature’s  abhorrence  of  a  vacuum 
had  A  limit,  Wliat,  then,  could  be  the  cause  of  this  limita¬ 
tion  ?  To  determine  tliis,  he  tried  what  would  take  place 
with  a  fluid  much  heavier  than  w’ater,— -mercury,  in  fact, 
lie  took  a  glass  tube  about  4  feet  long,  sealed  at  one  end  and 
<»pen  at  the  oilier,  and,  having  filled  it  w'ith  mercury,  closed 
tliG  open  end  with  his  finger;  he  then  inverted  the  lube,  and 
immersing  the  open  end  in  a  basin  containing  mercury,  with- 
diGw  his  finger,  and  raised  the  tube  into  a  vertical  position. 
11c  found  the  niercnry  descend  in  the  tube,  and  fiow  ont 
into  the  basin,  until  its  surface  stood  27^  inches  above  tlie 
surface  of  the  mercury  in  tlie  bosin  :  it  then  remained  sta¬ 
tionary.  Comparing  the  height  of  this  column  of  mercury 
with  the  much  greater  height  of  water  raised  in  the  most 
pGrfi'ct  pump,  he  arrived  at  the  conclu.sion  that  these  heights 
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were  in  the  inverse  ratio  of  their  specific  gravities,  au<l,  there^ 
fore,  the  difference  in  the  altitudes  of  the  columns  depended 
upon  the  difference  in  their  weights.  He  also  observed  that, 
in  both  cases,  the  phenomenon  was  produced  by  cutting  off 
the  communication  between  the  atmosphere  and  the  upper 
extremities  of  the  columns  of  water,  and  mercury,  while  the 
surface  of  the  fluid, into  which  their  lower  ends  was  immersed, 
was  in  direct  communication  with  the  atmosphere.  He 
therefore  considered  that  the  weight  of  the  atmosphere 
maintained  the  elevation  of  the  columns  in  the  tubes,  and 
that  the  weight  of  these  columns  in  fcetiuciisured  the  weight 
of  the  atmosphere  on  the  same  sectional  area. 

Pascal,  a  few  years  later,  repeated  and  extended  Torricelli's 
experiments,  making  use,  not  only  of  mercury,  but  also  of 
a  variety  of  other  liquids,  and  found  that,  in  all  cases,  the 
lighter  the  liquid,  the  higher  it  aat^ended  in  the  tube.  Tlio- 
roughly  convinced  himself  of  the  correctness  of  Torricelli’s 
theory,  he  considered  what  would  be  the  most  convincing 
evidence  of  its  truth  to  others  ;  and  concluded  that  carrying 
the  tube  to  a  greater  height,  the  column  of  atmosphere  above 
it  would  be  diminished,  and  consequently  the  column  in  the 
tube  would  descend  ;  while,  by  carrying  it  to  n  greater  depLli 
the  superincumbent  column  of  atmosphere  would  be  increased, 
and  the  column  would  rise  in  the  tube.  Experiments  made 
by  him  upon  the  mountain  Pay  de  Dome,  near  Clermont,  in 
Auvergne,  completely  proved  the  correctness  of  bis  views. 
Two  tubes,  filled  witli  mercury,  were  carried  to  the  foot  of 
the  mountain,  their  open  ends  being  immersed  in  mercurv, 
as  in  Torricelli’s  experiments;  they  both  stood  at  28  inches. 
One  was  leftat  the  foot  of  the  mountain,  and  the  other  carried 
up  to  its  top  ;  the  mercury  in  this  one  kept  sinking  more  and 
more,  the  higher  it  was  taken,  until  at  the  top  it  had  fallen 
to  24*7  inches;  while  upon  being  brought  down  again  the 
phenomena  were  reversed,  the  mercury  rising  higher  nud 
higher,  until,  when  at  the  bottom,  it  was  again  compared  with 
the  tube  which  had  been  left  there,  the  heights  of  the  two 
columns  exactly  coincided,  as  at  first.  Hence  it  appeared 
that,  in  ascending  the  mountain,  the  column  of  atmosphere 
above  the  surface  of  the  basin  being  diminished  by  that 
portion  of  it  between  the  levels  of  the  top  and  bottom  of  the 
mountain,  the  pressure  arising  from  the  weight  of  this  portion 
w.as  removed  from  the  surface  of  mercurv  in  the  basin,  and 
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the  mercury  descended  in  the  tube,  until  its  weight  was  just 
again  counterpoised  hy  the  weight  of  the  column  of  atmo> 
sphere  above  the  level  of  the  top  of  the  mountain  ;  and  go]i> 
veraely  in  descending,  the  column  of  atmosphere  above  the 
baain  being  increased  by  a  length  equal  to  the  height  of  the 
mountain,  the  pressure  arising  from  the  weight  of  this  addi> 
tional  length  of  column,  acting  on  the  surface  of  the  mercury 
in  tlic  baain,  forced  it  to  ascend  the  tube,  until  the  weight  of 
the  mercury  in  the  tube  was  again  balanced  by  the  weight 
ul  I  he  atmospheric  column. 

Pascal  conceived  that  the  lower  parts  of  the  atmosphere 
would  be  mure  compressed  tluan  the  upper,  owiug  to  the 
greater  weight  of  the  mass  of  air  above  them,  and  that,  from 
this  cause,  the  rise  and  fall  of  the  mercury  in  the  tube  would 
jot  be  equal,  for  equal  differences  of  altitude.  This  view 
proved  to  be  correct:  the  atmosphere,  in  fact,  being  com- 
pressihle  and  elastic,  and  its  density,  at  n  constant  temperature, 
being  in  exact  proportion  to  the  weight  with  which  it  is 
compressed.  This  relation  between  the  pressure  and  density 
of  the  atmosphere,  was  proved  by  Mariott,  and  is  therefore 
called  Mariott’s  law.  '  It  follows,  then,  that  tlie  stratum  of 
air  nearest  the  eartli's  surface  is  the  densest,  from  having  to 
support  tlie  wciglit  of  all  the  air  above  it;  and  in  ascending  the 
strata  becomes  rarer,  from  being  pressed  by  lesser  quantities 
of  air  above  them.  In  fact,  for  heights  in  arithmetical  pro> 
gression,  the  density  of  the  atmosphere  would  decrease  in 
geometrical  progression,  if  the  temperature  at  the  different 
heights  were  all  the  same;  but  as  this  is  not  the  case,  the 
relation  between  the  densities  at  different  heights,  is  con> 
sidcrably  modified  by  tlie  differences  of  temperature  at 
those  heights.  Air,  under  a  constant  pressure,  expands 
about  of  its  bulk  at  32®  Fahrenheit  for  every  degree 
of  temperature  above  that  point.  The  warmer  the  air  too, 
the  greater  the  amuunt  of  aqueous  vapour  contained  in  it, 
and  thin  vapour  exerts  an  over-varying  iuHuence  on  the 
mercurial  column.  The  correction  due  to  this  cause,  how¬ 
ever,  is  very  tridiug.  Sir  George  Shuckburg  made  numerous 
experiments  upon  the  efiects  of  temperature  upon  the  weight 
of  a  given  column  of  atmosphere.  He  found  that  when  the 
mercurial  column,  measuring  the  total  atmospheric  pressure, 
was  30  inches,  and  the  temperature  32®  Fahrenheit,  a  rise  of 
8C'85  feet  produced  a  fall  in  the  mercurial  column  of 
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of  an  inch,  and  tliat  for  every  additional  degree  of  tempera¬ 
ture,  the  column  of  atmosphere  equivalent  to  -j^gth  of  an  inch 
of  mercury,  was  increased  by  0*211  of  an  inch.  From  thc^e 
data  the  heights  of  mountains  can  be  obtained,  from  ob¬ 
servation  of  the  barometer  and  thermometer,  in  the  manner 
that  will  be  pointed  out,  after  describing  the  construction  of 
these  instruments. 

THE  MERCURIAL  TIIERMOMETER. 

The  common  mercurial  thermometer  connista  of  a  glass 
tube  of  uniform  Lore,  terminating  in  a  hollow  bulb.  Uy 
liolding  the  bulb  over  the  flame  of  a  spirit-lamp,  a  considerable 
])ortion  of  air  is  expelled  from  the  bulb  and  tube,  and  the 
end  of  the  tube,  which  is  open,  being  immersed  in  a  cup  of 
mercury,  as  the  air  within  the  tube  and  bulb  cools  and  con¬ 
denses,  the  external  atmospheric  pressure  drives  a  portion 
of  mercury  into  the  tube  and  hulb.  A  paper  funnel  filled 
with  mercury  is  next  to  be  tied  round  the  open  end  of  the 
tube,  and,  the  mercury  in  the  bulb  being  boiled  over  the 
spirit-lamp,  the  whole  of  the  air  remaining  in  the  tube  will 
soon  be  expelled,  and  its  place  supplied  by  mercurial  vapour. 
Tlio  instrument  being  again  allowed  to  cool,  the  mercurial 
vapour  will  bo  all  condensed,  and  its  place  supplied  by  mer¬ 
cury,  driven  down  the  funnel,  till  both  bulb  and  tube  arc 
completely  filled  with  mercury.  Lastly,  when  the  mercury 
has  cooled  down  nearly  to  the  highest  temperature  intended 
to  be  measured  by  the  instrument,  the  end  of  tlie  tube, 
hitlicrto  open,  is  to  be  perfectly  scaled  by  means  of  the  blow¬ 
pipe,  and  as  the  merenry  afterwards  continues  to  cool,  it 
will  be  considerably  condensed,  and,  sinking  down,  will  leave 
a  vacuum  in  the  upper  part  of  the  tube. 

Tlte  thermometer  has  now  to  be  graduated,  and,  for 
this  purpose,  it  must  first  be  immersed  in  melted  snow,  and, 
when  the  mercury  has  sunk  as  low  as  it  will,  <a  graduation 
must  be  marked  opposite  the  extremity  of  the  mercurial 
column  for  the  freezing  point.  The  tlicrmometer  must  next 
be  immersed  in  the  vapour  of  water,  boiling  under  a  given  at¬ 
mospheric  pressure,  ond,\vben  the  mercury  is  again  stationary, 
another  graduation  must  be  marked,  opposite  the  extremity 
of  the  mercurial  column,  for  the  boiling  point.  The  dis¬ 
tance  between  these  two  graduations  is  then  to  be  divided 
into  a  determinate  number  of  equal  parts,  and,  continuing  to 
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rriArl;  off  divisions  of  tlie  some  extent,  in  both  direcfions,  to 
the  extremities  of  the  tube,  the  instrument  will  be  com- 
pletly  graduated. 

In  the  centigrade  thermometer,  the  freezing  point  is 
C®,  and  the  boiling  point  100*^;  in  Keaumur’s,  the  freezing 
point  is  marhed  0*^,  and  the  boiling  point  80®;  and  in 
Falirenheit's,  which  is  the  thermometer  in  common  use  in 
this  country,  the  freezing  point  is  marked  32°,  and  the  boil¬ 
ing  point  212°.  Assuming,  then,  the  boiling  point  to  have 
been  determined  under  the  same  pressure  for  all  three,  and 
consequently  to  indicate  the  same  absolute  temperature,  we 
have— 

i  c°  =  1  R°  (f°  — 32°); 

if  c,°  n,°  and  r,®  represent  respectively  the  degrees  of  the 
centigrade  tlicniiometcr  of  Iteaumnr's,  and  of  Fahrenheit's, 
denoting  the  same  absolute  temperature. 

The  mercurial  thermometer  was  constructed  under  the 
idea,  that  equal  differences  of  temperature  would  cause 
the  bulk  of  a  body  to  vary  by  equal  differences.  Now, 
except  in  the  case  of  gases,  this  assumption  is  not  borne 
out  by  the  facts  of  the  case;  but  by  a  fortunate  coinci¬ 
dence,  the  increasing  rate  of  the  expansion  of  the  mercury 
is  c.xactly  compensated  by  the  comparatively  small  expansion 
of  the  glass,  so  that  the  indications  of  the  temperature  given 
by  tiie  ordinary  mercurial  thermometer  are  strictly  accurate. 

The  mere  fact  of  speaking  of  the  indications  of  a  ther¬ 
mometer  as  accurate  implies,  that  there  is  some  mode  of 
tc.sting  this  accuracy,  and,  consequently,  some  idea  of  com¬ 
paring  temperatures  independently  of  the  observation  of  the 
variation  in  the  bulk  of  a  body,  produced  by  a  difference  of 
tuiiiperature  ;  and,  in  fact,  the  comparison  of  temperatures 
depends  on  the  following  considerations  : — 

1°.  Two  bodies  arc  said  to  have  the  same  temperatnre, 
if  when  placed  in  contact  the  temperature  of  either  remains 
unaltered  by  the  other. 

2°.  When  bodies  of  different  temperature  arc  placed  in 
contact,  the  temperature  of  the  hotter  body  decreases,  and 
that  of  the  colder  increases,  till  both  become  of  the  same 
temperature. 

3^.  If  the  bodies  thus  placed  in  contact  be  both  of  the 
pnme  material,  and  be  equal  to  each  other  in  weight,  the  in- 
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crease  of  temperature  in  one  will  be  equal  to  its  decrease  iu 
the  other,  and  the  product  of  the  whole  mass  into  the  tem> 
peraturc  will  remain  the  same. 

In  order  to  teal  the  accuracy  of  the  common  thermometer, 
Dr.  Brooke  Taylor  heated  two  equal  weiyhta  of  water,  till 
their  temperatures,  as  indicated  by  the  thermometer,  were 
respectively  100®  and  200®  ;  and  on  mingling  these  bodies 
of  water  together,  the  thermometer  indicated  correctly  150®, 
AS  the  temperature  of  the  mixture. 


THE  BAROMBThR. 

There  are  various  forms  of  the  barometer,  to  suit  the 
various  circumstances  under  whicli  it  is  to  be  used  ;  but  in  all 
of  them  there  is  a  straight  tube,  about  33  inches  long,  closed 
at  one  end,  for  holding  the  column  of  mercury,  of  which  the 
altitude  is  to  be  observed.  This  is  called  the  barometer  tube, 
and,  being  filled  with  mercury,  the  open  end  of  it  is  placed  iu 
cummuuication  cither  with  an  open  cistern  containing  mer¬ 
cury.  or  with  ft  bent  tube  containing  mercury,  which  is 
oxjioscd  to  the  action  of  the  atmosphere. 

Fig.  1.  represents  a  form  of  barometer,  called  tlic  standard 
barometer,  adapted  for  use  in  fixed  observatories.  The  bore 
uf  the  barometer  tube,  a  c,  should  not  bo  less  than  onc-fourih 
of  an  inch  diameter,  and  if  it  be  one-third  of  an 
inch  it  is  better,  in  order  to  avoid  any  considerable 
error  from  the  capillary  depression.  The  diameter 
of  the  open  end,  a  d,  of  the  barometer  should  be  os 
large  as  it  can  conveniently  be  made,  in  order  that 
tlie  variation  in  the  altitude  of  the  mercury  in  a  c 
should  afiect  as  little  as  possible  the  altitude  of  the 
surface  a  b.  In  order,  however,  to  obtain  the  true 
altitude  of  the  mercury  within  this  barometer,  the 
position  of  the  surface  a  u  must  be  taken  into 
account,  as  well  as  that  of  the  extremity  of  the  mer¬ 
curial  column  A  c,  the  height  of  which  above  an 
In — I®  assumed  zero  point  is  given  by  the  scale  attached 
IU  J  barometer.  This  is  done  by  m.'iking  the 

scale  movable,  and  terminating  in  an  ivory  jjoint: 
Fig.  1.  ■wiici,  this  point  und  its  reflection  appear  to  touch 
one  another,  the  height  indicated  is  correct. 

Tubes  of  small  diameters  require  correction  for  cnpillnritv. 
'J’he  mercury  is  depressed  in  tlie  glass  tube  from  the  repnl- 
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siun  between  the  two  substances,  and  tbo  following  corr«c> 
tiuDs  must  bo  added  : — 


Diameter 

1  of  tube. 

Correction. 

inch. 

U-26 

U-020 

OSO 

U'016 

0  40 

0  007 

0-45 

U  005 

OCO 

0-002 

Thu  syjdioii  barometer,  Fig.  2,  gives  the  altitude  of  the 
mercurial  column  independently  of  errors  from  capillary 
^.Icpresaion  ;  for,  on  account  of  the  C(|iial  size  of  the  . 
bore  throughout  the  tube,  the  extremities  of  the 
columns  a  and  c  arc  equally  depressed.  A 

In  the  ordinary  form  of  the  portable  barometer 
the  tube  is  immersed  in  a  reservoir  with  a  leathern 
bottom,  and  furnislicd  witli  a  screw  /,  by  turning 
which  the  mercury  cau  be  forced  up,  and  made 
entirely  to  Bll  the  tube,  to  prevent  it  from  jerking 
about,  and  injuring  tlic  instrument  during  its  car¬ 
riage  from  place  to  place.  This  screw  can  be  made  ( _ 

to  regulate  the  surface  of  tlic  mercury  in  the  cistern,' 
and  always  bring  it  into  line  with  tlie  zero  of  the  ^ 
scale.  For  this  purpose  the  instrument  is  furnished 
with  a  gauge  or  flont  A.  The  gauge  consists  of  a 
suuli  ivory  cylinder,  fixed  to  a  float  of  cork,  which 
rests  on  the  top  of  the  mercury.  The  upper  end  y.  ^ 
of  this  cylinder  works  in  a  groove,  hollowed  ' 
out  of  a  second  piece  of  ivory,  which  is  fixed  to  the  in- 
strument,  and  has  a  fine  line  upon  it  denoting  the  zero  o* 
the  scale  :  the  floating  cylinder  has  a  corresponding  line 
line  cut  upon  it;  and,  before  observing  the  reading  of  the 
instrument,  the  two  lines  must  be  brought  into  exact  coin¬ 
cidence  by  turning  the  screwy. 

Let  a  It,  Fig.  8,  be  the  glass  tube  jdunged  into  the 
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mercury  in  tlie  cistern  c,  anil  d  Lc  the  surface-line  of  ihi 
fluid  in  the  cistern,  made  level  with  tlic  comnicnceracnt 


Fiff.  3. 


of  the  scale,  in  the  construction  of  tlic  instru¬ 
ment:  then  the  extremity  of  the  mercurial 
column  in  the  tube  at  this  time  is  called  tlie 
neutral  point.  \Vljen  the  mercury  rises  in  tlie 
tube,  A  portion  equal  to  the  rise  leaves  tlie 
cistern,  and  the  suifnce-linc  falls  towards  the 
doited  line  e ;  and,  being  lower  than  the  surface 
from  which  its  neutral  point  was  measured,  the 
indicated  variation  in  the  atmosphere  is  too  little  ; 
but  turn  the  screw  f  forwards,  until  the  lines  on 
the  float  h  coincide,  and  the  mercury  then 
records  the  exact  change;  when  a  dc)ires3ion 
occurs,  the  mercury,  sinking  from  the  tube  into 
the  cistern,  raises  the  surface-line  towards  g‘. 
in  this  case  the  screw  /  must  be  turned  back, 
until  the  leatber  at  ibc  bottom  of  the  cistern  be 
sufficiently  loosened  to  allow  the  mercury  to 
assume  its  proper  level  at  the  surface  d. 

When  there  is  not  a  gauge  to  the  barometer, 
tbe  relative  capacities  of  the  cistern  and  tube 
are  ascertained  by  experiment,  in  tbo  con¬ 
struction  of  tbe  instrument,  and  marked  tliercon, 
as  is  also  its  neutral  point. 

The  correction  to  be  applied  to  the  reading 
of  tbe  scale,  to  obtain  tbe  correct  height,  may 
bo  computed  os  follows; — 


Let  K  be  the  neutral  point  altitude  of  the  extremity  of 
tlic  mercurial  column,  when  tlic  zero  point  of  tlie  scale 
coincides  with  the  surface  d,.  and  let  be  its  apjinrcnt 
altitude  in  any  other  case ;  let  also  k  represent  tlic  sectional 


area  of  d,  and  li  that  of  tbe  tube  ;  so  that  is  the  capacity 

h 


of  the  cistern  relatively  to  the  tube,  which  is  marked  on 
the  instrument;  then  the  distances,  through  which  tlic  sur¬ 
faces  in  the  tulic,  and  cistern,  will  rise  and  fall  respec¬ 
tively,  will  be  manifestly  inversely  proportional  to  tlie  arena 
of  their  surfaces;  if,  therefore,  o  A'  represent  the  required 
correction,  viz.,  the  distance  through  wliicli  the  mercury 
falls  in  the  cistern, 

h'  —  h  \  hh'  I  k‘ 
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and  the  true  altitude  of  the  barometer  ia  given  by  ttiv 
equation 

A'  +  SA'  =  .V  +  -^  (h'—h). 

K 


When  the  indicated  height,  h',  is  above  the  neutral  point  h,h’ — h 
is  positive,  and  the  correction  o  h'  is  to  be  added,  to  give  the 
correct  height;  but  when  the  mercury  is  below  the  ner.trul 
point.  A' — h  is  negative,  and  the  correction  S/i'  is  to  he  sub¬ 
tracted,  to  give  the  correct  height.  Hence  the  following 
rule  :  — 

When  the  mercury  in  the  tube  is  ahova  the  neutral 
]>oint,  the  difference  between  it  and  the  neutral  point  is  to 
be  divided  by  the  capacity,  and  the  quotient  added  to  the 
observed  lieigiit,  to  give  the  correct  height ;  and,  when  the 
mercury  ia  heloio  tlio  neutral  point,  the  difference  is  to  be 
divided  as  before,  and  the  quotient  subtracted  from  the 
observed  height  will  give  the  correct  height. 


Ex, — Let  ,  or  the  capacity  of  the  cistern  relatively  to  the 
tube,  be  40,  and  the  neutral  point  altitude  be  30  inches. 


Ex.l. — Observed  height  ,  , 

Neutral  point  .  • 

30  000 

30-480 

Height  above  neutral  point 
Correction  •  •  • 

+  -)«0 

+  .012 

Correct  heiglit  •  • 

Ex.  2. — Observed  height  •  • 

Neutral  point  •  • 

30  000 

30-402 

28-720 

Height  above  neutral  point 
Correction  . 

—1-280 

• 

—  032 

Correct  height  • 

•  • 

28-688 

The  portable,  or  mountain  barometer,  has  received  great 
improvements.  It  ia  now  produced  in  a  form,  in  which  the 
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mercury  ia  conrincd  wholly  by  glnee  and  iron,  and  cau  b« 
made  absolutely  free  from  shake  in  the  tube,  so  ns  to  ensure 
safety  in  rough  transit.  The  total  height  of  the  mercurial 
column  ia  rend  directly  ngninst  the  light  nt  both  ends,  and 
with  no  ttruciural  corrections  for  c.vjinnsion  of  irisirument, 
except  as  between  brass  and  glass,  the  co-efficients  of  both 
being  well-known. 

'riie  greatest  range  of  the  barometer  in  nnv  one  spot  does 
nut  exceed  3i  inches,  and  consequently,  in  barometers  in¬ 
tended  for  meteorological  observations,  it  is  unnecessary  to 
graduate  more  than  a  few  inches  of  the  tube  :  the  divisioun, 
ilierefnre,  commence  at  27  inches,  and  are  continued  lo 
«iL  inches.  'J'he  gra'* ..atlons  on  the  mountain  barometer,  for 
measuring  great  heights,  commence  at  15  inches,  and  are 
carried  on  to  33  inches. 

Tn  the  common,  or  meteorological 
barometer,  each  inch  is  divided  into 
ten  equal  parts,  and  on  the  vernier, 
eleven  tenths  of  an  inch  are  divided 
into  ten  equal  parts,  so  that  each 
part  is  equal  to  eleven  hundredths 
of  an  inch,  or  one  tenth  and  one 
hundredth.  By  means  of  this  vernier, 
then,  the  height  of  the  column  is 
indicated  to  the  hundredth  part  of 
an  inch. 

The  annexed  figure  shows  the  ar¬ 
rangement  and  mode  of  reading  the 
barometer. 

Here  the  pointer  or  index,  a,  of 
the  vernier  is  above  the  division, 
indicating  SOT  inches  on  the  ba¬ 
rometer  scale,  and  tbe  division,  marked 
7  on  (be  vernier,  coincides  with  a 
division  on  the  barometer  scale  :  the 
reading  ia  therefore  30*1 7. 

In  the  mountain  and  standard 
faarometcra,  51  tenths  of  an  incli  on 
(he  vernier  are  divided  into  50  equal 
pruts,  BO  that  each  part  ia  equal  to 
51  iive-huudredtha  of  an  inch,  or 
one  tcoth,  and  one  five-huudredth.  By  means  of  tins  vernier^ 
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llicn.  tlic  liGiglit  of  the  column  is  read  off  to  the  five- 
huiidicdth  part  of  an  inch. 

A  thermometer  is  attached  to  the  h.aroractcr,  to  indicate 
the  tempernture  of  the  mercury  in  the  cistern.  The  expan¬ 
sion  of  mercury  is  Wtnr  of  its  bulk,  for  each  degree  of 
Fahrenheit  between  32°  and  212'’;  and,  in  making  observa¬ 
tions  for  the  determination  of  altitudes,  it  is  indispensable 
that  the  nttached  thermometer  should  be  read  off  for  the 
temperature  of  the  mercury,  and  a  detached  thermometer  for 
the  determination  of  the  temperature  of  the  atmosphere, 
simultaneously  with  the  observation  of  the  height  of  mercory 
in  the  barometer. 

Before  taking  an  observation  the  instrument  should  be 
gently  tapped,  to  prevent  any  adhesion  of  the  mercury  to 
the  tube,  and  if  the  instrument  be  provided  with  a  gauge, 
this  should  be  adjusted,  to  bring  the  surface  of  the  mercury 
in  the  cistern  in  a  line  with  the  zero  of  the  scale;  the  ver¬ 
nier  should  then  be  bronght  level  with  the  top  of  the  mer¬ 
cury,  and  if  light  is  admitted  from  behind,  this  arrangement 
can  be  perfected  by  making  the  lower  part  of  the  pointer 
tangential  to  the  convex  part  of  the  mercury  in  the  tube. 
In  reading  off,  care  must  be  taken  to  place  the  eye  on  n 
level  with  the  top  of  the  mercurial  column,  ns  by  placing  it 
above,  the  reading  would  be  too  low,  and  by  placing  it 
below,  the  rending  would  be  too  high,  or,  in  other  words, 
there  would  he  an  error  from  parallax. 

THE  W’nERI.  BAROMETER. 

In  the  wheel  barometer,  a  weight,/,  floats  on  the  surface 
of  the  mercury,  in  the  open  end  of  the  bent  tube  a,  and  a 
string  attached  to  the  float  f  passes  over  a  small 
wheel  70,  and  is  then  nttached  to  a  second  weight 
y.  As  the  mercury  rises  and  falls,  the  float  f 
moves  with  it,  and  the  string  turns  the  wheel,  the  ^ 
axis  of  which  passes  through  a  dial-plate  and 
carries  an  index,  like  the  baud  of  a  clock, 
which  points  to  the  nltitndca  figured  on  the  dial- 
plate.  The  wheel  barometer  is  by  its  construc¬ 
tion  endowed  with  so  many  sources  of  error,  that 
it  cannot  be  depended  upon  for  correct  indications  of  the 
height  of  the  barometric  column  ;  although  it  readily  shows 
if  the  mercury  be  in  a  rising  or  falling  state,  as  a  small 
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variation  iu  the  barometric  column  produces  a  considcraoie 
movement  of  the  index.  It  ruay  ratlier  be  ccDsidered  as  an 
ornamental  piece  of  furniture,  than  as  liaving  tiie  slightcBt 
pretcueiona  to  be  called  a  scientific  instrument 

TUB  ANKIIOID  DA  11051  ET R H . 

The  aciion  of  the  aneroid  barometer,  invented  by  M.  Vi>li. 
of  Pai'ia,  for  a.scertaining  the  variations  of  tlie  alniosplu  iv, 
depends  on  the  efiect  produced  by  tlie  ]iressure  of  tlie  atnu)- 
apliere  on  a  nietalliu  box  liernietically  sealed,  from  wliich 
tlie  air  has  been  jireviously  exhausted.  [t  has  already 
Leen  explained,  th.at  the  weight  of  tlje  column  of  the  mer- 
tvirinl  baromejer  is  counterpoised  by  the  weight  of  the 
dlmoaphere,  and  tl>at  the  variations  in  tiie  weight,  of  the 
atmoaphcie  are  shown  by  the  variations  in  the  Unfjili  of  fliis 


column,  and  measured  in  inches  and  tenths;  but  in  the 
aneioid,  an  index  traversing  n  dial  records  the  changes  in 
the  weight  ox  pressure  of  the  atmospliere  on  a  given  surface, 
Biippose  a  square  inch;  and  it  would  therefore,  liave  greatly 


FOR  TH£  DET£RMlMlTION  OF  HZIOHTS. 


105 


facilitated  the  coiuprefacnsioR  of  the  action  of  the  instru¬ 
ment,  had  the  dial  been  graduated  to  show  tlio  difference  of 
the  atmospheric  pressure  in  absolute  weigiit  or  pounds. 

Simultaneous  ohservationt  of  the  Aneroid  and  Mercurial 
Barometer  for  the  month  of  March,  1848- 


I  Aiieruld  Slnnditrd  | 
lliuromeier.  b:iroruet«r.[ 


I  An«roid  SlAtidard  | 
I  barum«t«r.  barameler. 


in. 

in. 

28  80 

28  SO 

29  29 

29  29 

30  11 

30-12 

29  77 

29  77 

29  84 

29  85 

30-22 

30  25 

29-89 

29  90 

29-41 

29-42 

28*84 

28-85 

23-79 

28-80 

29  85 

29  88 

29  64 

29  66 

29  49 

29-49 

29  34 

29  34 

29  37 

29-37 

29-12 

29-12 

2897 

28  98 

2913 

29-13 

29  67 

29  C8 

29-80 

29-SO 

30-10 

30-10 

30  11 

30-11 

29-80 

29  80 

29  70 

29-70 

29-91 

29  90 

29-81 

29-80 

30  00 

30-00 

8( 
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1)0  borne  in  mind,  tlint  if  tbc  mercurial  barometer  be  sab- 
jeeted  to  tbe  same  range,  it  will  be  equally  afToctcil ;  only  in 
the  latter  case,  tbc  ennse  of  tbc  variation  is  satisfactorily 
cstcblisbcd.  and  its  exact  amount  for  every  degree  of  tem- 
jicratiire  accurately  determined. 

The  observations  recorded  in  tbe  foregoing  table  show 
that,  in  tbe  popular  use  of  tlie  aneroid,  the  same  correc¬ 
tions  for  temjierature  may  be  taken  as  for  tbe  mercurial 
barometer. 

Fig.  1  represents  tbe  external  appearance  of  tbe  instru¬ 


ment.  It  is  four  inches  and  three-quarters  in  diameter 
across  tbc  face,  and  one  inch  and  tlircc-quarters  in  tbicknesH. 
'J'lie  pressure  of  the  atmosphere  is  indicated  by  a  band 
jiointing  to  a  scale,  which  is  graduated  to  correspond  witli 
tbe  common  barometer:  thermometers  are  placed  on  tbc 
lace,  one  of  which  is  essential. 

Fig  2  represents  the  internal  construction,  as  seen  when 
tbc  face  is  removed,  but  with  tbe  band  still  attached,  a  is  a 
flat  circular  box,  made  of  some  white  metal,  exhausted  of  air 
tiirough  tbe  short  tube  b,  which  is  subsequently  made  air¬ 
tight  by  soldering  :  the  upper  and  lower  surfaces  of  tbe  box 
are  corrugated  in  concentric  circles,  which  gives  it  greater 
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elaKticity  ;  and  (ho  box  is  fixed  to  the  bottom  of  a  metallic 
ease,  wliich  encloses  the  n  .ccliaiiism  of  the  wliolc  instrument. 
In  the  centre  nl'  tlic  upper  surface  of  llic  clastic  box  is  a  solid 
cyliiulrical  socket  .r,  about  half  an  iticli  hii^h,  to  the  top  Oi 
Avhich  the  princi pal  Icvtr,  e  rf  e,  is  attached  ;  and  tins  lever 
which  brings  tiie  bf»x  into  a  state  of  tension  by  separating 
the  surfaces,  re^ts  jiartly  upon  a  spiral  sjiring  d,  and  partly 
•'ll  two  fulcra  having  knife  edges,  \vitli  perfect  freedom  of 
motion.  'Die  end,  e,  of  the  large  or  prineijial  lever  is  attached 
Tf)  a  second  lever  f,  from  which  a  fine  \\'atcli-chain  <7  extends 
to  h,  where  it  works  on  a  drum,  attaciied  to  tlie  arhonr  of 
the  iinnd.  A  hair-p]>ring  at  h.  tiie  attachments  of  wliich  aro 
Tiiado  to  the  metallic  plate  i,  rcgnlatea  the  motion  of  the 
liand. 

As  the  weight  of  the  atmosphere  is  increased  or  diminished, 
BO  is  the  surface  of  tlie  corrugated  clastic  box  depressed  or 
f-lcvated.  as  is  alno  at  the  same  time  the  spiral  spring  d,  upon 
wliicli  the  jirincipal  lever  rests;  and  this  motion  is  commu- 
iiicaiod  tliruiigh  the  levers  to  the  arbour  of  tlie  hand  at  I 
'I'hc  tension  of  tlio  box  in  its  construction  is  equal  to  44  lbs. 
At  the  back  of  tlic  aneroid  is  a  screw  to  adjust  the  baud  to 
tlie  lif'iglit  f»f  any  standard  mercurial  barometer  :  for  compa¬ 
rative  observations  tlic  aneroid  must  bo  placed  iu  tlie  poai-* 
iniii  I  , I'  wliich  the  a<ijustmont  ia  made. 


A  )i'  rs|<cdivc  view  of  the  Interior  of  the  .-Viioroiil. 


A.  Screw  aJjustinfj  the  band. 
1 1;.  Fulcruraa. 
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cc.  Prindpal  levAn 

D  D.  Vacuum  vaea. 

1,  Vertical  rod  coimccUiiff  lever  cc  with  lovers  3  and  S. 
t  b.  Adjusting  screws  for  leverage, 
s.  Spinil  spring. 

Socket  in  vacuum  tass. 

K.  Fin  ntL'iched  to  socket. 


D.  Vacuum  vase  (the  arrows  itnlirntc  the ‘downward 
pressure  of  the  atinosplicrt>). 

C.  Principal  lever, 
n.  Fulcrum. 

6.  Spring. 


APPLICATION  OP  THS  DAHOMKTKR  TO  TilH  DETERMINATION'  01 
DIFFERENCES  OF  ALTITUDE. 

It  lias  Already  been  stated  (p.  05)  the  density  of  tlic  atmo- 
iiplierc  wotild  deeroase  in  geometrico)  progression,  for  nltitmlps 
in  nritlimeticnl  progression,  mnl,  since  this  denaiiy  also  v.'trics 
directly  ns  the  pressure  to  which  it  is  subjected,  and  which 
is  measured  by  the  height  of  the  barometric  column,  it 
follows  that,  if  at  diftcreut  altitudes  these  columns  decrease  in 
geometric  progression,  the  aliiiudes  will  increase  in  nriili- 
mctieal  progression,  and  will,  therefore,  be  proportional  to  llie 
logarithms  of  the  barometric  columns.  Hence,  if  the  tempera¬ 
ture  remained  constant,  the  difference  of  two  altitudes  would 
vary  as  the  difference  of  tlie  logs,  of  the  barometric  columns 
at  tliosc  altitudes;  so  that,  if  h  betaken  to  represent  the 
height  of  a  higher  station  above  a  lower  one,  and  if  u  be  the 
heightof  the  barometer  at  the  lower  station,  and  h  the  height 
at  the  higher  siation,  we  should  have 

ft  =  tlog. 

where  is  a  constant  quantity,  to  be  determined  by  experi- 
lucnt. 

The  following  Table  exhibits  the  results  of  Sir  George 
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l^huckburgh'fl  expcrimcutal  determiuatioD  of  (lie  number  of 
feet  in  a  column  of  tlie  almosphorc,  equivalent  in  weight  to 
A  like  column  of  mercury,  y<y  of  an  incii  high  for  every 
five  degrees  of  temperature,  ranging  from  to  80°j  wlicn 
tlie  barometer  Sianda  at  80  inches. 


Thannomater. 

Foot. 

32- 

SG  8  3 

S.*! 

87  49 

40 

8S,54 

4d 

89  60 

dO 

90  66 

bb 

91-72 

60 

9-i-77 

0.5 

93-82 

70 

94  83 

.'o 

Od-03 

80 

96  09  1 

From  an  examination  of  this  table,  we  sec  that  the  value 
of  li  varies  with  the  temperature  by  of  its  value  at 
for  each  degree  of  Fahrenheit  above  or  below  55*^:  hence,  if 
K  be  the  value  of  k  for  temperature  of  55*^,  for  any  other  tem- 

(t  55°\ 

1  +  — 4^10"/ 

,  ,  I  "  /i  _L  f— 

and  h—K  log.  J 

Kow  the  value  of  log  ~  is  given  by  the  equation 
b 


and,  when  ? — ^  is  a  small  fraction,  all  the  terms  in  this  series, 

B-|-6 

except  the  first,  may  be  neglected  as  inconsiderable,  and  wa 


110 


UATHEMATlGAIi  INSTRUMENTB 


bavo  loc,  5  =  2  — — -  •  In  this  caae,  then, 
^  1>  n  +  h 


l  representing  the  temperature  iu  degrees  Fahrenheit 
Also,  when  b  —  b  =  of  an  iucb, 

B  =  30  inchcB,  . 
and  (  55, 

the  same  table  gives  91‘72  feet  for  t)*e  value  of  h. 

To  determine  the  value  of  2  k  wo  havi ,  therefore,  tbs 
eciuatiun 


S,1-72  =  2k 


2  K  , 

=  neai  ly ; 
600  ^ 


2  K  =*  600  X  91-72, 

—  56032  nearly  , 

audithis  value  being  in  excess,  we  mny  take  for  the  value  of 
2  R,  the  more  eimpl ^  number  55,000  ;  wo  have  ifacu  the  value 
of  h  given  by  the  equation, 

If  the  fall  exceed  5  inches,  should  be  replaced  by  log. 


6  ’ 


but  for  any  amount  of  fall  less  than  this,  the  above  formula 


will  give  results  sufficiently  accurate. 

It  has  already  been  stated,  that  the  barometer  has  a  thcr> 
inometer  attached  for  the  purpose  of  indicating  the  tempera- 
ture  of  the  instrument  itself.  In  the  determination  of  height 
when  the  difference  of  two  stations  at  which  observations 
are  made  is  considerable,  there  is  generally  also  a  con¬ 
siderable  difference  in  tho  temperatures  at  the  two  stations, 
and  it  is  important  to  take  account  of  the  indication  of  the 
attached  thermometer.  The  baroinetrio  heights  should, 
therefore,  be  corrected  for  the  variation  of  temperature,  before 
applying  the  formula  for  the  computation  of  the  difference  of 
altitude. 

The  followiug  tables  show  the  correction  to  be  applied  to 
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the  reading  of  the  barometer,  for  the  temperatures  indicutcJ 
b}'  the  attached  thermometer. 

In  appl3'ing  the  correction  for  the  attached  thermometer 
it  is  to  be  observed,  that  it  is  only  the  difTcrence  in  tlic  teni- 
pcraitirc  at  the  two  stations  which  will  npj>arcntly  afreet  the 
result,  and  that  uonscqiicntly.as  long  as  the  biirunieiric  liciglits 
arc  reduced  to  the  same  temperature,  it  matters  not  wliat  that 
temperature  may  be. 

The  law  of  variation  of  the  aneroid  barometer  for  differ¬ 
ence  of  temperature  is  not  known,  but  from  the  closeness  of 
its  indications  with  those  of  the  standard  barometer,  the 
correction  may  be  assumed  to  be  the  same  with  that  for  the 
mercurial  harometer.  In  many  eases,  too,  the  difference  of 
temperature  at  the  diffiircnt  stations  is  so  small  that  the  cor¬ 
rections  fur  them  may  be  nei^leoted. 


TAIILE  n. 

C-irnctions  for  TttnjtttahiTt  to  ht  appUtd  to  Daron,(ter.%  moHuttd  i»  wood.* 


illig 
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The  following  table  gives  the  value  of  the  factor  &  cor¬ 
rected  for  temperature: — 

_ TABLT2  m. 


TheriDO* 

meter. 

Factor. 

Thermo¬ 

meter. 

Factor. 

Thermo¬ 

meter. 

Factor. 

[  dfgrte*. 

1  30 

26,028 

deprecj. 

47 

27,006 

degrees. 

64 

28,083 

’  31 

25,902 

48 

27,069 

66 

28,146 

1  32 

26,065 

49 

27.132 

66 

28,210 

33 

26,118 

60 

27,196 

67 

28,273 

34 

26,182 

61 

27,259 

68 

28,336 

36 

26,246 

62 

27,322 

69 

28,100 

36 

26,308 

53 

27,386 

70 

28,163 

37 

26,372 

64 

27,449 

71 

28,o27 

36 

26,436 

56 

27.513 

72 

28,500 

39 

26,409 

56 

27,576 

73 

28,053 

4Q 

26,662 

57 

27,639 

74 

28,717 

41 

26,625 

68 

27,703 

75 

28,780 

42 

26,689 

69 

27,766 

76 

28,843 

43 

26,762 

60 

27,829 

77 

28,007 

44 

2G,8t6 

61 

27,893 

78 

28,970 

46 

26,879 

62 

27,056 

79 

29,034 

1  « 

26,942 

63 

28,020 

80 

29,097 

AFPLIOATIOK  OF  THE  PRECEDING  TABLE. 

Let  )/i  =r  the  mean  height  of  the  two  baronictcrB, 

d  =  the  difference  of  the  two  hcighls,  ^ 

/  «ss  the  number  corresponding  to  the  mean  of  the 
readings  of  the  detached  tlici  nioniolcr, 
a:=  difference  of  altitude  at  the  two  stations 
thenpX= 

m  • 

BZAUPLE. 

At  the  lower  station — 

Let  the  barometer  stand  at 
attached  thermometer 
detached  ,, 

At  the  higher  station — 

Let  the  barometer  stand  at 
attached  thermometer 
detached  ^ 


30*08  inchec 
59®, 

GO®. 

2C'*i0  inebe^j 
47®, 

46®, 
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The  correctioDfl  for  the  berometer  from  Table  I.  arc  *08  and 
•04,  respectively.  The  corrected  heights,  therefore,  arc  30 
inches,  and  26*36  inches;  their  mean  height  is  28*18  inches, 
and  their  di/Tcrcnce  3'64  inches.  The  meaDj)f  the  readings 
of  the  detached  thermometer  is  53^,  and  opposite  this  num¬ 
ber  in  Table  HI.  is  27,386  ;  therefore, 

X  =  27,386  =  3,537  feet. 

’  28-18 

The  following  table,  made  by  computing  the  value  of-^. 


tiiay  be  much  more  easily  applied,  to  give  results  differing 
but  slightly  in  their  correctness 


Mean  of 
barome¬ 
tric  read¬ 
ings. 

Mean  Temperature. 

30* 

40* 

1 

50** 

60* 

70* 

80* 

25 

■00096 

oo'jgi 

•00092 

•00090 

-oooss 

■00086 

26 

-00100 

•00098 

•00096 

•00093 

•00091 

•00080 

■27 

-00104 

•00102 

•00099 

•00097 

•00095 

•00003 

28 

•00107 

•OOlOo 

•00103 

-00101 

-00098 

'00096 

29 

•00112 

•00109 

•00107 

-00104 

■00102 

-00100 

30 

•00115 

•00113 

'OOUO 

-00108 

'00105 

•00103 

The  difference  of  the  barometric  readings,  divided  by  tiie 
appropriate  number  from  tins  table,  gives  at  once  the  dif¬ 
ference  of  height  sought. 


EXAMPLE. 

lid  rumeter  at  lower  slatioa  .  30  00  Mean  lemperiiture  ,  d3^ 

^  higher  ,,  26'36  ,,  barometer  .  .  28' 18 

DiiTerence  .  3-64 

CorreBpondmg  tabular 
•00103)3  64(3534  number,  00103. 

309 

550 

615 

350 

3C9 


410 
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The  result  8534  differs  by  only  3  feet  frum  that  already 
obtained  by  the  table  of  factors. 

Perhaps,  however,  the  simplest  node  of  all  is  to  form  a 
table  of  elevations  corresponding  to  the  hciglifa  of  mercury 
in  the  barometer,  assuming  the  zero  point  to  correspond  to 
30  inches  of  the  barometer,  with  the  thermometer  at  55°. 

The  altitudes  corresponding  to  the  readings  of  the  baro> 
mater  at  any  two  stations  being  taken  from  the  table,  the 
difference  between  tbeir  altitudes  gives  tlie  difference  of  alti> 
tude  between  the  tw'o  stations,  subject  only  to  tbc  correction 
fur  the  temperature. 

The  following  tabic  is  computed  from  the  formula : — 


h  =  65,000 

the  temperature  being  55^. 


30  —  h 
30+  6 


Height  of 
barometer. 
h. 

Altitude  of 
station. 

*. 

Height  of 
barometer. 
b. 

Altitude  of 
station. 

//. 

in. 

f««t. 

i«. 

ffCt. 

310 

—902 

28-5 

1411 

SCO 

813 

28  4 

1308 

30-8 

724 

28  3 

1603 

30-7 

634 

28-2 

1702 

300 

313 

28-1 

1799 

30-3 

433 

28-0 

1897 

30-4 

3G4 

27-9 

1906 

30-3 

274 

27-8 

2093 

30-2 

183 

27-7 

2104 

301 

91 

27-0 

2293 

30  0 

0 

27-6 

2392 

29-9 

+92 

27-4 

2491 

29-8 

184 

27*3 

2392 

29-7 

276 

27-2 

2692 

29  6 

368 

27-1 

2793 

203 

462 

27-0 

2895 

29  4 

536 

26  9 

2997 

29-3 

630 

26  8 

3009 

29-2 

744 

2C-7 

3201 

29-1 

838 

2U-G 

3204 

29-0 

932 

2G-5 

3407 

28-9 

1028 

2G-4 

3311 

28-8 

1123 

2G-3 

3615 

28-7 

1219 

2G-2 

3719 

286 

1315 

20-1 

3824 

— 

— 

200 

8920 
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•  EXAMPLES  OF  THE  USE  OF  THE  PRECEDINO  TABLE. 


1.  Barometer  al  liigher  etalioo  20-5 
a  lower  ,1  SO'l 


Aflsnmcd  temperature  . 
Mean  temperature  •  • 


SiffereDceof  altltndee  ■  ■  •  ■  •  663 

CorreetioD  for  tempenilitre,  ^ll|X  653  a  ]4 

11 

Hence  the  upper  station  is  539  feet  above  the  lower. 
Computed  by  the  factor  for  44°  inTable  III.,  at  p.  1 14,  the 
difTeretice  of  the  altitudes  =  639*9. 


t.  Barometer  at  higher  BtatioB  StI-tiC  Corresponding  altitude  . 
M  lower  „  2tl'Sd  m  <* 

Difference  of  altitudei  « 


Ar.*umed  lempemture  . 
Mean  ttmjperuture  ,  . 


50  Correction  for  temperature  X  3111  =  2S 

£  Corrected  difference  of  aliitudra  ...  310(1 


Computed  by  the  factor  for  50°  in  Table  III.,  at  p.  114. 
the  din'crence  of  altitudes  is  3J106*7. 

The  following  modification  of  the  above  table  gives  the 
barometric  readings  for  each  100  feet  of  altitude: — 


—1000  . 

1600  . 

800  . 

isoo . 

GOO . 

2000  . 

£00 . 

2100 . 

4-  100  . 

.  29  89 

2700  . 

200  . 

.  29  78 

2800  . 

400 . 

3000  . 

. 2G&0 

. 26-80 

. 26-51 

3600  . 

.  28  82 

3700  . 

3300  . 

. 26*12 

1300  . 

3900  . 

. 26*03 

HOO  . 

4000  . 

.  26  93 

loOO  . 

. 28-41 

1J8 
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In  the  table  thiia  modified,  if  the  distance  between  the  two 
readings  of  the  barometer  be  taken  off  with  compasses,  or 
measured  on  a  slip  of  paper,  it  will  extend  on  the  column  of 
heights  from  zero  to  the  difference  of  altitude,  at  the  assumed 
temperature  of  55®. 

If  the  column  of  altitudes  be  arranged  on  a  slide,  adapted 
to  a  groove,  in  a  rule  having  the  column  of  barometric  read¬ 
ings  marked  upon  it,  then  by  merely  setting  the  zero  of  the 
slide  to  the  barometric  reading  of  any  station  at  starting,  the 
altitudes  of  all  points  passed  over,  at  the  assumed  tempera¬ 
ture  of  65®,  will  at  once  be  read  on  the  slide,  opposite  the 
observed  height  of  the  barometer  at  those  points.  A  slide- 
rule  of  this  kind  is  manufactured  by  Mr.  West,  of  Charing 
Cross,  from  the  design  of  its  inventor,  ^fr.  Whitley,  of 
Penarth,  Truro. 

i^Ir.  Whitley  makes  a  length  of  one  inch  on  the  slide  cor¬ 
respond  to  200  feet  of  altitude,  and,  dividing  the  inch  into 
20  equal  parts,  each  division  indicates  10  feet  difference  of 
altitude:  the  corresponding  barometric  heights  on  the  fixed 
scale  then  differ,  on  the  average,  by  about  *01',  so  that  the 
difierence  of  altitude  corresponding  to  each  variation  of 
of  an  inch  of  the  barometer,  is  at  once  read  on  the  slide. 

A  slide-rule  tbue  constructed,  25  inches  long,  would  extend 
from  31*11  inches  of  the  barometer,  corresponding  to  a 
depression  of  1,000  feet,  to  25*03  inches,  corresponding  to  an 
altitude  of  4,000. 

Kothing  can  be  more  simple,  than  to  set  out  with  such  a 
rule,  and  an  aneroid  barometer,  and  note  the  aHitiules  pa.ssod 
over,  even  while  travelling  on  a  railway. 

METE0R0L001C.\L  PHENOUENA  OP  THE  BAISOUETER. 

The  following  account  of  the  meteorological  phenomena 
indicated  by  the  barometer,  is  extracted  from  a  manual  ot 
the  barometer  by  Mr.  Bclvillc,  of  the  Uoyal  Observatory, 
Greenwich,  from  which  wc  have  derived  much  n.ssistanco  in 
this  part  of  our  work. 

Strong  winds  in  the  winter  from  the  west  with  a  steady 
high  pressure,  invariably  bring  a  high  temperature  and  very 
little*  rain,  winds  from  the  east,  a  low  temperature  and  sharp 
frosts. 

If  the  mercury  fall  during  a  high  wind  from  the  south-west, 
Bonth-south-west,  or  west-BOuth-westj  an  increasing  storm  is 
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proLaWe;  if  the  fall  be  rapid,  the  wind  will  be  violent,  bnt 
of  short  duration;  if  the  fall  be  slow,  the  wind  will  be  Icsa 
violent,  bnt  of  longer  continuance;  the  disturb'ng  cause  is 
probably  the  some  in  each  case,  bnt  its  intensity  unequal : 
nearly  all  our  high  winds  from  the  south-west  come  with  a 
falling  barometer. 

K  the  depression  of  the  mercury  be  sudden  and  consider- 
able  with  the  wind  due  west,  a  violent  storm  may  be  expected 
from  the  north-west  or  north,  during  which  the  mercury  will 
rise  to  its  former  height.  If  the  mercury  fall  with  the  wind 
St  north-west,  or  north,  a  great  reduction  of  temperature 
will  follow,  in  the  winter  severe  frosts,  in  (he  summer  cold 
rains. 

A  steady  and  considerable  fall  of  the  mercury  during  an 
east  wind  denotes  that  the  wind  will  soon  go  rotind  to  the 
south,  unless  a  heavy  fall  of  snow  or  rain  immediately  follow  ; 
in  this  case  the  upper  clouds  uaunlly  come  up  from  th^ 
south.  The  deep  snow  of  the  severe  winter  of  1814  was  a 
notable  instance. 

The  lowest  depressions  occur  with  the  wind  at  south  and 
eouth-cost,  when  much  rain  falls,  and  frequently  short  and 
severe  gales  blow  from  these  points.  In  the  winter  months, 
sudden  depressions  of  the  mercury  with  the  wind  in  these 
quarters  arc  attended  with  electrical  phenomena. 

A  fall  of  the  mercury  with  a  south  wind  is  invariably 
followed  by  rain  in  greater  or  less  quantities. 

A  falling  barometer  with  the  wind  at  north  brings  the 
worst  weather  :  in  the  summer,  rain  and  storm  follow ;  in  the 
winter  and  spring,  deep  snows  and  severe  frosts.  This  case 
is  of  rare  occurrence. 

A  great  depression  of  the  mercury  during  a  frosty  period 
brings  on  a  thaw:  if  the  wind  be  south  or  south-east,  the 
thaw  will  continue;  if  the  wind  be  snuth-west,  the  frost  will 
bo  likely  to  return  with  a  rising  barometer  and  northerly 
wind. 

In  the  winter  season,  a  rapid  rise  of  the  mercury  immedi- 
atolv  after  a  gale  from  the  south-west  with  rain  (the  wind 
going  round  to  north-west  or  north)  is  usually  attended  with 
clear  sky  and  sharp  white  frosts. 

Great  depressions  in  the  summer  months  are  attended  with 
storms  of  wind  and  rain  with  thunder  and  hail :  cold,  unseason¬ 
able  weather  geuerally  succeeds  the  depressions. 
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During  a  period  of  broken  cold  weather  in  the  winter 
months,  with  the  wind  at  north  or  north-north-wcat,  a  sudden 
rise  of  the  mercury  denotes  the  approach  of  rain  and  a 
southerly  wind.^ 

During  a  steady  frost  with  the  wind  at  north,  north-east, 
or  cast,  a  continued  slow  rising  of  the  mercury  indicates  snow 
and  cloudy  weather. 

If  the  mercury  rise  with  the  wind  at  south-west,  south,  or 
even  south-east,  the  temperature  is  generally  high. 

Observation  dees  not  show  that  extrema  of  temperature 
are  coDtcmporancous  with  the  greatest  elevations  and  least 
depressions  of  the  mercurial  column. 

Meieon  are  not  prevalent  during  very  low  pressures  :  the 
Aurora  Borealig  has  been  noticed  at  all  heights  of  the  baro¬ 
meter.  Small  flashes  of  lightning  are  of  frequent  occurrence 
during  stormy  weather  in  the  winter  season  when  tho  mercury 
stands  low. 

Great  elevations  in  the  summer  are  generally  attended  with 
dry,  warm  wcothor. 

Great  depressions  at  all  seasons  are  followed  by  change  of 
wind,  and  by  much  rain. 

A  rising  barometer  with  a  southerly  wind  is  iisn.illy 
followed  by  fine  weather.  In  the  summer  it  is  dry  and  warm ; 
in  the  winter,  dry  with  moderate  frosts.  This  is  of  rare 
occurrence. 

When  the  mercury  is  very  unsteady  during  calm  rainy 
weather,  it  denotes  that  the  air  is  in  an  electrical  state,  and 
that  thunder  will  follow. 

In  the  summer  months,  if  a  depression  of  two  or  tlirce 
tenths  of  the  mercury  occur  in  a  hot  period,  it  is  attended 
with  rain  and  thunder,  and  succeeded  by  a  cool  atmosphere. 
Sometimes  heavy  thunder-storms  take  place  overliead  with¬ 
out  any  fall  of  the  mercury;  in  this  case  a  reduction  of  tem¬ 
perature  docs  not  usually  follow. 

Kflin  in  some  quantity  may  fall  with  a  high  pressure,  pro¬ 
vided  tho  wnd  be  in  any  of  the  northerly  points;  and  when 
much  rain  falls  with  a  steady  rising  barometer  and  the 
mercury  attains  a  great  elevation,  a  long  period  of  fiua 
weather  usually  succeeds. 

Jf  after  a  storm  of  wird  and  rain,  the  mercury  remains 
steady  at  the  point  to  which  it  bad  fallen,  serene  weather  may 
*  Thaws  also  conmonlj  set  in  during  the  night. 
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follow  without  a  chnngo  of  wiud;  but  on  tbo  rising  of  tha 
mercury,  rain  and  a  change  of  wind  may  be  expected. 

During  a  series  of  stormy  weather  the  mercury  is  in 
constant  agitation,  falling  and  rising  twice  or  thrice  in  the 
space  of  twenty-four  hours,  the  wind  changing  alternately 
from  south  to  west,  and  backing  again  to  the  south  :  this 
alternation  of  winds  continues  until  the  mercury  rises  to  a 
bold  elevation,  when  it  ceases,  and  the  weather  becomes  settled. 

Storms  of  wind,  especially  when  accompanied  with  much 
rain,  produce  the  greatest  depressions  of  the  mercury.  No 
storm  of  wind  on  record  has  blown  without  some  rain  falling, 
although  the  time  of  its  falling  and  its  amount  have  been 
variable  :  sometimes  the  rain  has  Increased  with  the  increas¬ 
ing  storm  and  sinking  mercury;  at  other  times  the  rain  has 
fallen  suddenly  at  the  close  of  the  storm,  or  at  the  time  of  tlie 
mi/timum  pressure. 

No  great  storm  ever  sets  in  with  a  steady  rising  barometer. 

As  far  as  regards  the  locality  of  Greenwich,  the  most 
violeut  gusts  of  wind  come  from  due  south,  and  those  next  in 
violence  from  duo  north;  in  both  instances  the  mercury 
remains  stationary  at  its  minimum  point  during  the  greatest 
horizontal  preunre:  the  winds  from  these  quarters  arc  of 
short  duration,  and  limited  in  their  extent.  The  ordinary 
south-west  galea  will  blow  unremittingly  fv>?  twenty-four 
hours,  and  will  sweep  over  the  whole  of  the  Bntish  Isles. 

A’bfe.  — Although  a  rising  mercury  attends  a  northorl, 
wind,  great  depressions  occur  previously  to  a  great  storii 
coming  from  that  quarter. 

In  England,  the  winds  which  blow  for  the  greatest  nnmher 
of  days  together  without  intermission  are  the  west  and  west- 
aouth-west :  they  blow  chiefly  during  the  winter  months, 
and  are  the  principal  cause  of  our  mild  winters. 

Tlie  east  and  east-north-east  arc  the  winds  the  next  most 
prevalent.  The  great  antagonist  winds,  the  north  and  souths 
are  the  origin  of  our  most  violent  storms. 

Tlie  westerly  winds  surge  mostly  by  night,  and  their 
average  force  is  twice  that  of  the  easterly  winds. 

The  easterly  winds  are  generally  calm  at  night,  hut  blow 
•with  some  power  during  the  day. 

On  an  average,  sunrise  and  sunset  arc  the  periods  of  the 
twenty-four  hours  in  which  there  is  the  le.'ist  wind.  An  hour 
or  two  after  noon  is  the  period  ^%'1lcn  the  wind  is  the  highest 
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As  a  gcncrnl  rule  when  the  wind  turns  against  the  sun,  or 
retrogrades  from  west  to  south,  it  is  attended  with  a  falling 
mercury;  wlien  it  goes  in  the  same  direction  ns  the  sun,  or 
turns  direct  from  west  to  north,  the  mercury  rises,  and  there 
is  a  probability  of  fine  weather. 

It  never  hails  in  calm  weather.  When  hail  falls,  it  is 
during  sudden  gusts  of  wind,  and  the  mercury  rises  while 
the  hail  is  actually  fnliing. 

If  the  weather  during  harvest-time  has  been  generally  fine, 
and  a  fall  of  tlic  mercury  with  a  shower  occur, — if  the  wind 
turn  a  few  points  to  the  north  and  the  barometer  rises  above 
30  inchc.s,  the  weather  may  be  expected  to  be  fairfor  some  days- 

The  finest  and  most  beneficial  state  of  the  ntinosplierc,  more 
especially  ad  regards  the  licaltb  of  man,  is  with  a  uniform 
pressure  nt  a  mean  height  of  the  barometer  varying  from 
20-80  to  30-00. 

Wlicn  there  is  only  one  current  of  air  subsisting  in  the 
atmosphere,  there  is  seldom  much  variation  in  tiie  height  of 
the  incrcurinl  column.  It  is  when  two  or  more  strata  of  the 
air  arc  in  motion  in  different  directions  at  the  same  time, 
that  great  fiuctiiations  of  the  mercury  occur. 

In  high  pressures,  the  vpper  current  usually  seta  from 
the  northward ;  in  low  pressures  it  sets  from  the  south  and 
snuth-west. 

The  variations  of  the  barometer  are  always  greater  in  the 
winter  than  in  the  summer. 

In  accounting  for  the  difTcrent  currents  of  the  atmosphere  it 
must  be  remarked  that  the  great  heat  of  the  torrid  zone  causes 
a  constant  ascent  of  air  over  it,  which  passes  northward  and 
southward ;  white  an  under  current  of  cold  air  flows  from  tlie 
poles  to  supply  its  place :  the  diurnal  rotation  of  the  earth  com¬ 
bined  with  these  currents  causes  tlie  trade-winds,  whose  direc¬ 
tion  is  from  east  to  west:  these  currents  w'ould  from  the  same 
causes  become  in  the  north  temperate  zone  north-east  and 
south-west  winds,  and  in  the  south  temperate  zone  south-cabt 
and  north-west  winds;  hui  the  great  irregularities  of  the 
temperature  from  the  seasons,  the  large  tracts  of  ocean,  and 
the  different  geographicol  formations  of  the  land,  subject  them 
to  interruptions,  and  give  to  every  country  its  prevailing 
winds,  derived  from  local  causes.  In  England,  the  south-south- 
west,  sontii-w'est,  and  west-south-west  winds  set  in  towards 
the  end  of  October,  and  blow  with  their  greatest  strength 
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during  November,  December,  nnd  February,  aiid  are  even 
powerful  in  June  and  July:  tbe  winds  from  the  westerly 
quarters  prevail  in  March,  but  tliey  then  veer  more  towards 
the  north,  whence  they  blow  with  great  violence :  in  April,  the 
east  and  north-east,  and  the  west  and  north-west  winds  balance 
each  other,  and  their  comparative  strength  is  nearly  equal  ; 
in  May,  the  east,  north-east,  and  north-north-east  winds 
preponderate  j  the  latter  blows  the  less  frequently,  but  with 
the  greatest  violence  ;  in  this  month  the  average  of  the  winds 
from  tbe  westerly  quarters  ranges  low :  their  average  strength 
also  decreases,  with  the  exception  of  that  from  the  west-south- 
west,  which  ranges  higher  than  in  April.  In  August  the 
west  and  west-south-west  wduda  prevail,  but  their  power 
is  moderate  ;  the  stormy  w'inds  of  this  month  blow  from  the 
west-south-west  and  north-north-west.  September  is  the 
calmest  period  of  the  year ;  in  this  month  the  north  and  south 
winds,  and  the  east  and  w'cst  winds,  balance  each  other;  in 
January  the  east  and  west  winds  iijion  an  average  are  nearly 
equal,  both  as  regards  the  number  of  times  they  blow,  and 
their  average  strength  ;  the  winds  from  the  south-south-west, 
west-south-west,  and  the  north-westerly  quarters  are  more 
rare,  but  they  blow  with  great  violence.  As  the  winds  from 
these  opposite  quarters  predominate,  so  is  the  char.'icter  of 
our  winters  determined  as  to  mildness  or  severity. 

Sudden  depressions  of  the  barometer  sometimes  occur  in 
weather  apparently  calm.  It  is  almost  an  established  fact  that 
Sturms  have  a  circular  motion  ;  and  if,  when  an  exhaustion  or 
sudden  diminution  of  the  atmosphere  takes  jdnee,  the  mer¬ 
curial  column  happen  to  be  in  the  partial  vacuum  or  centre  of 
motion,  the  air  will  be  at  rest;  while  the  surrounding  air  at  a 
greater  distance  from  the  centre  will  be  violently  agitated  with 
a  less  fall  of  the  barometer.  This  clrcvilur  motion  of  the 
atmosphere  is  not  conbned  to  one  spot  where  the  storm  may 
commence  and  expend  its  violence  ;  but  it  has  a  progre.-isive 
cycloidal  movement  onwards,  changing  constantly  the  situa* 
tion  of  ita  centre  of  motion  and,  as  it  advances,  enlarging  its 
circumference,  until,  having  traversed  many  hundred  miles, 
it  becomes  exhausted  os  the  air  recovers  ita  equilibrium. 
These  great  rarefactions  of  the  atmosphere  arc  probably  tha 
effects  of  electricity;  they  are  common  in  their  moat  terrifio 
form  in  the  Indian  Ocean,  on  the  western  coast  of  A'ricA, 
and  in  the  West  Indies. 
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In  our  own  climntc  the  approach  of  thundcr-clouda  pro¬ 
duces  violent  squalls  of  wind  ;  and  dense  and  highly  electri¬ 
fied  clouds  will  sometimes  raise  miniature  whirlwinds  as  they 
pass  overhead. 

TQERMOUETRIO  HTPSOUBTRY. 

Water,  and  even  ice,  constantly  give  off  steam  or  aqueons 
vapour  at  all  temperatures,  when  exposed  to  the  air;  thus 
we  know  that  if  a  glass  of  water  be  left  in  a  room  for  some 
days,  the  whole  of  the  water  will  gradually  evaporate.  This 
power  of  water  to  rise  in  vapour  at  all  temperatures  is  called 
the  elastic  force,  or  tension,  of  aqueous  vapour.  It  may 
he  measured,  when  a  small  quantity  of  water  is  placed  above 
the  mercury  in  a  barometer,  by  the  depression  which  the 
tension  of  the  vapour  thus  given  off  is  capable  of  producing  in 
the  mercurial  column.  If  we  gradually  heat  the  drops  of 
water  thus  placed  in  the  barometer,  we  shall  notice  that  the 
column  of  mercury  gradually  sinks,  ond  when  the  water  is 
heated  to  the  boiling  point,  the  mercury  in  the  barometer 
tube  is  found  to  stand  at  the  snmo  level  as  tliat  in  the 
trough — showing  that  the  elastic  force  of  the  vapour,  at  that 
temperature,  is  equal  to  the  atmospheric  pressure. 

Hence,  water  boils  when  the  tension  of  its  vapour  is  equal 
to  the  pressure  of  the  superincuvibent  column  of  atmosphere  ; 
and,  consequently,  on  the  tops  of  mountains,  where  the 
atmospheric  pressure  ia  less  than  at  the  sen-level,  water  boils 
at  a  temperature  below  the  212^  of  common  experience. 

A  simple  experiment  to  illustrate  this  fact,  consists  in 
boiling  water  in  a  globular  fl.'isk,  into  the  neck  of  which  a 
stop-cock  is  fitted.  As  soon  as  the  air  is  expelled,  the  stop¬ 
cock  ia  closed,  and  the  flask  removed  from  the  source  of 
heat.  The  boiling  then  ceases.  Hut,  on  immersing  the 
flask  in  cold  water,  the  ebullition  recommences  briskly — 
owing  to  the  reduction  vf  the  pressure,  consequent  upon  the 
condensation  of  the  steam — the  tension  of  the  vapour  at  the 
temperature  of  the  water  in  the  flask  being  greater  than  the 
diminished  pressure. 

Founded  on  this  principle  a  thermometric  instrument  has 
been  constructed  for  determining  hcigbte,  by  noticing  the 
temperatures  at  which  water  boils.* 

*  All  other  liquids  obey  a  similar  law  of  ebullition;  but  ns  tba 
tensions  nf  their  vapours  are  very  difTerent,  their  boiling  points  vary 
•oosideiably. 
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WoIla»totiB  BoilCnff-point  ITf/psometer. — This  is  simply  a 
eylindrical  copper  vessel  of  small  size,  with  or  without  a  sjiirit 
lamp,  closed  at  the  top,  in  which  there  is  a  cork;  and  through 
the  cork  is  passed  a  thermometer,  the  bulb  of  which  descends 
to  half  an  inch  above  a  small  quantity  of  water  in  the  vessel. 
Of  course  there  is  a  vent-hole  for  the  steam  at  the  side  of 
the  rim. 

Mr.  Casella  has  specially  identified  himself  with  thermo- 
mctric  hypsometry.  Jlis  instrument  is  constructed  generally 
on  Dr.  Wollaston's  principle,  but  arranged  and  modified  by 
Colonel  Sykes,  F.R.S.,  Eognanlt,  and  others,  but  with  con¬ 
siderable  simplification  and  improvement.  The  thermometer, 
strong  and  sensitive,  with  small  bulb,  is  divided  and  figured 
on  the  stem,  and  sheltered  from  cold  when  in  use  by  a  double 
telescopic  chamber,  into  which  it  is  passed  to  any  required 
depth,  through  a  loose  piece  of  india-rubber,  which  rests  on 
the  top  ;  the  chamber  being  filled  with  vapour  from  the  boil¬ 
ing  water  beneath.  The  inner  chamber  being  thus  completely 
filled,  (he  vapour  descends  into  the  outer  chamber,  and  escapes 
by  the  outlet.  By  this  means  the  mercury,  both  in  the  bulb 
and  stem,  is  immersed  in  pure  vapour,  ichalever  /cind  oj 
neater  may  he  employed.  A  portable  leather  case  contains 
the  whole,  when  packed  for  travelling. 

The  Alpine  llypeometer. — A  still  smaller  apparatus  on 
the  same  principle  has  been  much  used  by  tlie  members 
of  the  Alpine  Club,  and  other  distinguished  travellers.*  It 
is  fitted  in  a  small  tin  case,  in  winch  it  may  be  used  in 
windy  weather.  Size  oJ  inches  long  by  2^  diameter;  weight, 
13  ozs. ;  and  it  may  be  carried  in  the  trowsers-pocket.  It 
is  used  by  many  instead  of  a  barometer,  and  by  those  a 
little  experienced  in  its  use  it  is  often  preferred,  for  its  sim¬ 
plicity  and  certainty,  to  the  mountain  barometer. 

“  For  the  elevation  of  great  mountain-masses,''  says  Dr. 

I.  11.  Hooker,  "and  continuously  elevated  areas,  I  consider 
that  hypsomctrical  results  are  as  good  as  barometrical  ones  ; 
for  the  genera]  purposes  of  botanical  geography,  the  Soilinym 
point  thermometer  supersedes  the  barometer  in  point  of  prac¬ 
tical  utility,  for  under  every  Advantage  the  transport  of  a 
glass  tube  full  of  mercury,  nearly  3  feet  long,  and  cased 

*  Among  th«  rest  Ly  Baker,  "  I'alls  ol  tLe  NyaxuL'* 
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in  lUGtal,  ia  a  great  drawback  to  tbe  unrestrained  motion  of 
tbe  traveller.”* 

A  convenient  approximate  rule  bns  been  given  by  Lefroy 
for  aEcertaiiiing  altitude  by  tbe  boiling  point  of  water, 
viz- : — 

Allow  for  each  degree  below  212®  Fabr.  that  water  boils 
in  a  metal  vessel,  in  mean  state  of  barometer  {i.e.  a  little 
above  or  below  30  inches  in  height) — 

SI  I  feet  for  first  degree  ; 

513  ,,  for  second  „ 

515  „  for  third  „  t&c. 

Eut  the  errors  of  tbcniioinctric  incasurciuents  of  height 
are  always  large,  except  in  the  tropics. 


HiiDslat/an  Journals,*'  toL  ti* 


PART  7. 

ASTKONOMICAL  INSTI^UAIJilNTS. 


PRELIMINARY. 

Ik  a  rtidiincn<Ary  work  of  this  kind,  &  description  of  the 
large  fixed  instruments  used  in  observatories  would  hardly 
be  in  its  proper  place,  as  but  few  persons  can  become  practi¬ 
cally  acquainted  with  their  use.  Our  descriptions  will  there¬ 
fore  be  confined  to  such  instrumenta  as  are  of  a  portable 
character,  and  may  be  set  up  tnd  used  by  private  individuals 
for  the  purposes  of  astronomical  observation,  or  for  the  most 
important  observations  in  geodcticol  surveys.  Hadley's 
sextant  is,  in  fact,  an  instrument  indispensable  to  the  navi¬ 
gator  and  to  tltc  marine  surveyor,  and  to  this  our  attention 
will  be  first  directed,  and  we  shall  tlien  proceed  to  describe 
tlio  portable  transit,  and  altitude  and  azimuth  instruments, 
with  the  collimator,  an  instrument  wliich  may  be  used  iu 
their  adjustment,  and  tlic  equatorial. 


CHAPTER  I. 

HADLEY’S  SEXTANT. 

This  instrument  differs  from  the  pocket  sextant,  already 
described — in  its  appearance,  from  the  absence  of  the  box  in 
which  the  pocket  sextant  is  fixed — in  its  size  varying  ubuiilly 
from  4  incites  to  C  indies  radius — and  iu  its  requiring  a.nd 
admitting  of  more  perfect  and  minute  adjustment. 
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L  ifi  tlic  limb  of  the  inetniment,  graduated  from  O'’  li> 
at  every  10'  or  20',  according  to  tlie  size  of  tlio 
infitruincnt,  and  subdivided  by  the  vernier,  v.  to  10  or  20', 
llnifi  enabling  iis  to  read  oft  angles  by  estimation  to  5".  Tlie 
liinl)  is  also  graduated  through  a  small  space,  called  the  arc 
of  excess,  on  ti»c  otlier  side  of  the  zero  point,  t  is  the 
tangent  screw  for  giv*ng  a  slow  motion  to  tlic  index  bar 
after  it  lias  been  clamped  by  the  screw  o.  m  is  a  micro- 
scope,  atiaclK-d  to  the  index  bar,  movai)le  by  a  screw,  v,  bo 
ns  to  coi...i..\t.v.  a  v’lvw  of  the  vernier  throughout  its  entire 
lenglli. 

I  is  the  index  glass,  or  fir.-.*  reflector,  attached  to,  and  in'i\  Ing 
with,  the  imlcx  bar;  and  H  is  tlic  In.ri/.nn  glass,  having  its 
lower  half  silverctl.  to  form  the  second  rcilc«‘l-ir,  and  its  upp^r 
lialf  transparent.  Konr  dark  gl.Tsscsare  plai.-'^cl  at  t  ,  any  one 


or  more  of  which  can  be  turned  do«  n  hetw  con  liie  indo.x  glass 
and  horizon  glass,  to  moderate  the  intensity  of  the  light  Irom 
any  very  luiglit  object,  ^  icwo<l  l)y  rcllocliou  ;  and  at  c  are 
three  dark  glas.se.s,  any  one  or  more  of  wliich  tan  he  tin  ned 
up,  to  moderate  tlic  intensity  of  the  light  fr.un  any  In  ight 
object,  viewed  directly  through  the  transjmrcnt  ]'ai  t  ol  the 
horizon  glass.  i>  is  a  ring  for  carrying  the  telescope,  attached 
to  a  stem  s.  calletl  the  up-and-down  piece,  wliicli  can  lic 
raised  or  lowered  by  means  of  a  nnllcd-hcnih'ti  screw.  'I'lic 
use  of  this  up-and-down  piece  is  to  laisc  or  lower  the  t'  U'- 
hcopc,  till  the  objects  seen  directly  and  by  reflection  npjicar 
of  the  same  brightness,  k  is  the  handle  by  which  the  instrii- 
iiiciit  is  hcl<l. 

Jn  selecting  an  insirument,  care  inuBt  be  taken  that  all  the 
joints  of  the  frame  ore  close,  without  the  least  opening  or 
looseness,  .and  that  all  the  screws  act  well,  and  remain  steady, 
wiiilc  the  inslrnmcnt  is  shaken  by  being  carried  from  ]il.irfl 
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to  place.  All  tbe  divisions  on  tlie  limb  and  vernier,  when 
viewed  through  the  microscope,  must  appear  exceedingly  hno 
and  distinct,  and  the  inUid  plates  upon  which  the  divisions 
arc  marked  must  be  perfectly  level  with  the  surface  of  (lie 
instrument.  The  index,  or  zero,  of  the  vernier  should  also 
he  brought  into  exact  coincidence  successively  with  each 
division  of  the  limb,  till  the  last  division  upon  the  vernier 
reaches  the  last  division  upon  the  limb;  and  if  the  last  division 
of  the  vernier  do  not  in  each  case  also  exaciiy  coincide  with 
a  division  upon  the  limb,  the  instrument  is  bndly  graduated, 
snd  should  he  rejected.  All  the  glass  used  in  (lie  instru¬ 
ment  should  be  of  the  best  quality,  and  the  glasses  of  the 
reflectors  should  each  liave  their  faces  ground  and  polished 
perfectly  jmrnliel  to  each  other,  to  avoid  refraction.  Look, 
therefore,  into  each  reflector,  separately,  in  a  very  oblique 
direction,  and  observe  the  image  of  some  distant  object;  and 
if  the  image  appears  clear  and  distinct  in  every  part  of  the 
reflector,  the  glass  is  of  good  quality ;  but  if  the  image  appear 
notched,  or  drawn  with  small  lines,  the  gloss  is  veiny,  and 
must  be  rejected.  Again,  if  the  image  a])pears  singly,  and 
well  defined  about  the  edges,  the  two  surfaces  of  the  glass 
are  truly  parallel ;  but  if  the  edge  of  the  image  appears 
misty,  or  separated  like  two  images,  the  two  surfaces  arc 
inclined  to  one  another.  The  examination  will  bo  more  per¬ 
fect  if  the  image  Le  examined  with  a  small  telescope. 

A  plain  tube  and  two  telescopes,  one  showing  objects  in¬ 
verted  and  the  other  erect,  arc  usually  supplied  with  the  sex¬ 
tant.  The  manner  of  testing  the  telescopes  has  already  been 
e.xplaincd  in  the  part  of  tlie  work  devoted  to  optical  instru¬ 
ments.  A  dark  glass  is  also  supplied  to  fit  on  to  the  eye-end 
of  the  telescope,  and  a  key  for  turning  the  adjusting  screws. 

To  txanxint  tiu  Error  arising  from  the  Imperfection  of 
the  Dark  GlatM. — Fit  the  dork  glass  to  the  eye-end  of  the 
telescope,  and  all  the  shades  being  removed,  bring  the  re¬ 
flected  imago  of  the  sun  into  contact  with  its  image  seen 
directly  through  the  unsilvered  p.art  of  the  horizon  glass. 
Tlicn  remove  the  dark  glass  from  the  eye-end  of  the  tele¬ 
scope,  and  setting  up  first  each  shade  separately,  ond  then 
their  various  combinations,  if  tho  two  images  do  not  in  any 
case  remain  in  contact,  the  angle  through  which  the  index 
must  he  moved  to  restore  the  contact  is  the  error  of  tho 
dark  glass,  or  combination  of  dork  glasses,  used  in  the  oh- 
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nervation,  and  '^vLich  error  eLoiiId  be  recorded  for  each  glafli 
and  each  combination  of  the  glasses. 

'Die  adjuBtmenta  of  the  instrument  consist  in  setting  Clio 
horizon  glass  per]tcndiculAr  to  the  plane  of  the  iustrument, 
and  in  setting  the  line  of  collimation  of  tlie  telescope  parnllel 
to  the  plane  of  the  instrument. 

To  adjuii  tlit  Horizon  Gian. — While  loohing  steadily  at 
any  convenient  object,  sweep  the  index  slowly  along  the 
limb,  and  if  the  reflected  image  do  not  pass  exactly  over 
the  direct  image,  but  one  projects  laterally  beyond  the  other, 
then  the  reflectors  are  not  both  perpendicular  to  the  face  of 
the  limb.  Now  the  index  glass  is  bxed  in  its  place  by  llic 
maker,  and  generally  remains  perpendicular  to  the  phnne  of 
the  instrument,  and,  if  it  be  correctly  so,  the  horizon  glass  is 
adjusted  by  turning  a  small  screw  At  the  bottom  of  the  fr.imc 
in  whicli  it  ia  set,  till  tbe  reflected  image  p.'tsscs  exactly  over 
the  direct  image. 

To  examine  if  the  Index  Gian  hej^erpcndicnlat  to  the  Plane 
of  the  Inttrument. — Bring  the  vernier  to  indicate  about  45®, 
and  look  obliquely  into  this  mirror,  so  a.h  to  view  the  sharp 
edge  of  the  limb  of  the  instrument  by  direct  vision  tc  the 
right  hand,  and  by  reflection  to  the  loft.  Jf  then  the  edge 
and  its  image  appear  as  one  continued  nrc  of  a  circle,  the 
index  glass  is  correctly  perpendicular  to  the  ])]nne  of  the 
Instrument;  but  if  the  arc  Appears  broken,  the  instrument 
must  be  sent  to  the  ninUcr  to  have  the  index  ghass  adjusted. 

To  adj ml  the  Line  of  Collnnation. — 1.  Fix  the  telescope 
in  its  place  and  turn  the  cyc-tube  ronnd,  that  the  wires  in 
the  focus  of  the  eye-glass  may  he  parallel  to  the  plane  of  the 
iustrument,.  2.  Move  the  index  till  two  objects,  as  the  sun 
and  moon,  or  the  moon  nnd  a  star,  more  tlinn  bO®  distant 
from  each  other,  are  brought  into  contact  nt  the  wire  of  the 
diaphragm  which  is  nearest  the  ])]anc  of  the  instrument. 
3.  Now  flx  the  index,  and  altering  slightly  the  position  of 
the  instninicnt,  cause  the  objects  to  a])poor  on  the  other 
wire;  And  if  the  contact  still  remain  perfect,  the  line  of  col- 
liiiiAlion  is  in  correct  adjustment.  If,  however,  the  two 
objects  appear  to  separate  at  tlic  wire  that  is  farther  from 
the  plane  of  the  instruiiicnt,  tiic  object-end  of  the  telescope 
inclines  towards  the  piano  of  the  instrument;  but  if  they 
overlap,  then  the  ohjoct-ond  of  the  tt'lescopo  declines  frtJiii 
the  plane  of  the  iustrnineiit.  In  either  case,  the  correct  nd- 
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jnstment  is  to  be  obtained  by  means  of  tbe  two  screws  which 
fasten,  to  the  np-and-down  piece,  the  collar  holding  the  tele¬ 
scope,  tightening  one  screw  and  turning  back  the  other,  tillj 
after  a  few  trials,  the  contact  remains  perfect  at  both  wires. 

The  instrument  having  been  found  by  the  preceding  me- 
tliods  to  be  in  perfect  adjustment,  set  the  index  to  zero,  and  if 
the  direct  and  reflected  images  of  any  distant*  object  do  not 
perfectly  coincide,  the  arc  through  which  the  index  has  to  be 
moved  to  bring  them  into  perfect  coincidence  constitutes  what 
is  G.nllcd  the  index  error,  which  must  he  applied  to  all  observed 
angles  as  a  constant  correction. 

To  determine  the  Index  Error. — The  mostapproved  method 
is  to  measure  the  sun's  diameter,  both  on  the  arc  of  the  in¬ 
strument,  properly  so  called,  to  the  left  of  the  zero  of  tho 
limb,  and  on  tho  arc  of  excess  to  the  right  of  the  zero  of 
tho  limb.  For  this  purpose,  firstly,  clamp  the  index  at  about 
30'  to  the  left  of  zero,  and,  looking  at  the  sun,  bring  tho 
reflected  image  of  bis  upper  limb  into  contact  with  tho  direct 
imago  of  his  lower  limb,  by  turning  the  tangent  screw,  and 
set  down  the  minutes  and  seconds  denoted  by  tbe  vernier; 
secondly,  clamp  the  index  at  about  30'  to  the  right  of  zero, 
on  the  arc  of  excess,  and,  looking  at  the  sun,  bring  tho 
reflected  imago  of  his  lower  limb  into  contact  with  the  £rect 
imago  of  bU  upper  limb,  by  turning  the  tangent  screw,  and 
set  down  the  minutes  and  seconds  denoted  by  the  vernier 
underneath  the  reading  before  set  down.  Then  half  the  sum 
of  these  two  readings  will  be  the  correct  diameter  of  tho 
sun,  and  half  their  difference  icill  he  the  index  error.  "When 
the  reading  on  the  arc  of  excess  is  the  greater  of  the  two, 
tho  index  error,  thus  found,  must  be  added  to  all  the  read¬ 
ings  of  the  instrunicut ;  and  when  the  reading  on  the  arc  of 
excess  is  the  less,  the  index  error  must  bo  subtracted  in  all 
eases.  To  obtain  the  index  error  with  the  greatest  accu¬ 
racy,  it  is  best  to  repeat  tlic  above  operation  several  times, 
obtaining  several  readings  on  tho  arc  of  the  instrument,  and 
the  same  number  on  the  ai'C  of  excess ;  and  the  diflerence 
of  the  sums  of  the  readings  in  the  two  cases,  divided  by  the 
whole  number  of  readings,  will  be  the  index  error;  while 
the  sum  of  all  the  readings,  divided  by  their  number,  will 
be  the  sun’s  diameter. 

*  If  the  distance  of  the  object  from  tbe  observer  bo  lees  than  a 
quirtcrofa  mile,  there  xvill  be  a  sensibleerror  due  to  parallax.  Seep,  58. 
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headings  on  tho  Aro  headings  on  Ar" 

of  JiiblrumenU  of  fclxcenii. 


35 

29 

25 

35 

.4 

29 

35 

33 

10 

29 

20 

1Q5 

15 

8S 

20 

88 

20 

10.5 

15 

Ko.  of  readings  6)  18 

55 

UilTcrence. 

C)  103 

35  Bum. 

2 

40 

Index  error. 

32 

15'8  Sun's  dinm. 

The  readings  on  the  arc  of  excess  being  less  thon  tlioss 
on  the  nrc  of  the  instrument,  (he  index  error,  2'  40",  is  to 
be  subtracted  from  all  the  readings  of  the  instrument. 


Kote. — In  taking  off  (he  readings  on  Ihe  ore  of  excess,  the  vernier 
must  bo  read  backwards;  that  is,  tbn  division  rend  off  on  the  bmb 
being  Ifao  division  next  to  tho  left  of  tho  zero  of  the  Tcmicr,  the 
divisions  of  the  vernier  to  bo  added  must  be  reckoned  from  the  other 
end  of  the  vernier,  to  tho  division  coinciding  with  a  division  upon  the 
limb;  or  the  reading  of  the  vernier  forwards,  according  to  the  usual 
method,  may  he  subtracted  from  10*,  the  limb  being  divided  to  10*, 
and  the  remainder  added  to  the  reading  of  the  division  upon  the  limb 
next  to  the  loft  of  tho  zero  of  the  vernier,  os  before. 

Tho  manner  of  observing  with  the  sextant  has  been  already 
explained,  when  treating  of  the  pocket  sextant 


CHAPTER  ir. 

THE  TRANSIT  INSTRUMENT. 

The  reflecting  instruments  which  w*e  have  just  described, 
from  their  portability,  and  the  promptitude  and  facility  with 
which  they  may  be  used  in  all  situations  nnd  upon  all  occa¬ 
sions,  are  most  useful  instruments  to  the  surveyor.  Tlta 
sextant,  with  an  artificial  horizon,  and  a  good  chronometer, 
forms,  in  fact,  a  comjilctc  observatory,  with  which  (ho  loti- 
tildes  and  longitudes  of  places  may  be  determined  to  a  greot 
degree  of  accuracy;  and  to  the  navigator  n  iTcficctiug  in¬ 
strument  IS  indispensable;  all  other  instruments  rerjuiring 
If)  bo  supported  upon  a  stand  perfectly  at  rest,*  while  the 
*  In  observatories  the  instruments  are  supported  by  stone  walls,  oi 
fiUari,  which  pass  below  the  lloora,  without  touching  thoq),  or  ogj 
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iCxtout  and  similar  in&frnmGiifs  are  Iield  I'n  tlie  liand^  and 
perlbrm  tlicir  duty  well  on  the  deck  of  a  rolling  ship.  In 
permanent  observatories,  however,  the  capital  angular  instru¬ 
ments  arc  placed  perninucntly  in  the  plane  of  the  meridian, 
and  the  measurcraenis  sought  for  by  their  aid  are  the  exact 
times  at  which  the  observed  objects  pass  the  meridian^  and 
their  angular  altitudes  or  zenith  distances  when  upon  the 
meridian.  The  instrument  with  which  the  first  of  these 
measurements  are  obtained,  is  called  a  trantit 
traiuit  tehscope^  or  merely  a  transit.  Transits  of  portable 
dimensions,  besides  llieir  use  in  small  or  temporary  obser¬ 
vatories,  are  also  found  sorviccnLIc  to  the  surveyor,  for 
determining,  with  the  greatest  possible  occiiiacy,  the  true 
north  point,  and  thence  setting  out  a  line  in  any  required 
direction;  and  to  the  scientific  traveller,  for  determining  the 
longitude  of  any  place  from  astronomical  observations,  and 
for  adjusting  his  time-keepers  with  greater  accuracy  than 
can  be  obtained  by  his  sextant.  The  annexed  figure  repre¬ 
sents  a  portable  transit. 

T  T  is  a  telescope  formed  of  two  parts,  connected  by  a 
spherical  centrc-])icce,  into  wliich  ore  fitted  the  larger  ends 
of  two  cones,  the  common  axis  of  wliicli  is  {ilnced  at  right 
angles  to  the  axis  of  the  telescope,  to  serve  as  tlie  horizontol 
axis  of  the  instrument.  The  two  small  ends  of  these  cones 
are  ground  into  two  perfectly  crjunl  cylinders,  called  picots. 
The  pivots  rests  upon  angular  bearings  or  Y’s.  The  Y's  are 
supported  upon  the  standards  £  and  w,  of  which  £  may  be 
called  tlic  eastern,  and  w  the  western  standard;  and  one  of  the 
Y^’s  is  fixed  in  a  liorizontal  groove  on  tlic  western  standard, 
so  that,  by  means  of  tbc  screw  s,  one  end  of  tlie  axis  may 
be  pushed  a  little  forwards  or  backwards,  and  a  small  motion 
in  azimuth  be  thus  communicated  to  the  telescope.*  The 
standards,  e  and  w,  are  fixed  by  screws  upon  a  brass  circle 

part  of  the  building,  and  are  consequently  independent  of  any  tremor 
communicated  to  the  floor  or  walla  of  the  buildings.  It  was  considered 
that  the  passHge  of  n  railway  through  Greenwich  Park  would  impair 
the  observations  at  the  Itoyal  Ohacr\‘atory,  by  communicating  a  tremor 
to  the  ground. 

*  The  lu:  gc  transits  in  permanent  observatories  have  their  Y*a  placed 
in  two  dove-lailed  grooves,  oge  horizontal,  and  the  other  vertical.  By 
means  of  the  latter  one  end  of  the  axis  may  he  raised  or  depressed; 
but  in  the  portable  transit  the  same  object  is  attained  by  turning  ona 
of  the  foot  screws  npon  which  the  entire  instrument  rests. 
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o  o,  and  Btcadicd  by  oblique  braces,  b,  u,  whicli  spring  from 
the  cross-piece  c. 

On  one  end  of  the  axis  is  fixed,  so  as  to  revolve  with 
the  axis^  a  vertical  circle  v  v;  niul  a  double  index  bar. 


fiirnishcd  with  a  spirit  level,  I  to  set  it  horiz-'Utal, 
carries  two  verniers,  n  n,  adapted  to  tlio  vertical  circle, 
and  showing  the  angle  of  elevation  of  the  telescope.  The 
index  bar  is  fixed  in  its  position  by  the  clamping  screw 
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K,  and  can  fee  fixed  upon  either  the  cnstern  or  western 
standard,  nt  pleasure,  while  the  telescope,  with  its  attichcd 
circle,  can  also  be  lifted  out  of  the  Y's,  and  have  its  position 
reversed  in  them.  The  pivot  which  does  not  carry  the  ver¬ 
tical  circle  is  pierced,  and  allows  the  light  from  a  lamp  to  fall 
upon  a  plane  speculiiin,  fixed  in  the  spherical  centre  piece 
on  the  axis  of  the  telescope,  and  inclined  to  this  axis  at  an 
angle  of  45°.  The  light  is  thus  thrown  directly  down  the 
telescope,  and  illuminates  the  wires  of  the  diaphragm,  placed 
in  the  principal  focus  of  the  telescope.  Of  these  wires,  one 
is  horizontal;  and  a  vertical  wire,  intersecting  it  in  the 
centre  of  tlie  field  of  view,  gives,  by  its  intersection  with  it, 
the  collimating  point.  There  are  also  other  vertical  wires, 
arranged  in  pairs,  equidistant  from  the  central  vertical  wire, 
so  that  we  have  either  three,  five,  or  seven  vertical  wires, 
the  most  common  number  being  five.  Tlie  lamp  has  a  con¬ 
trivance  for  regulating  the  quantity  of  light  tlirown  into  the 
telescope,  by  turning  a  screw,  so  that  the  light  from  a  small 
star  may  not  he  overpowered  by  the  superior  light  of  the  lamp. 

The  requisites  of  a  good  instrument  are — Istly,  tliat 
tlie  telescope  he  of  the  best  quality,  which  is  to  be  tested 
by  tlie  methods  already  given  (vol.  ii.);  2ndly,  tliat  the 
feet-screws  act  well  and  remain  steady;  Srdly,  that  all  the 
screws,  by  which  the  instrument  is  put  togetlier,  are  turned 
home,  and  remain  so,  after  the  instrument  has  been  shaken 
by  carriage  ;  4lhly,  that  the  length  of  the  axis  he  just  suffi¬ 
cient  to  reach  from  one  Y  to  the  other,  without  either  friction 
or  liberty  ;  fithly,  that  the  lamp  be  held  so  as  not  to  require 
adjustment  for  position  ;  (ithly,  that  tlie  screws  for  adjustment 
of  the  diaphragm  and  Y’s  be  competent  to  give  security  of 
position  to  the  parts  adjusted  by  them  ;  Tthly,  that  the  me* 
tallic  parts  be  free  from  flaws  in  casting,  and  that  the  pivots 
be  formed  of  hard  bell-nictal,  and  incapable  of  rusting. 

ADJUSTMENTS. 

The  principal  adjustments  of  the  transit  are  three: — 

Ist.  To  make  the  aiis  on  ^hich  the  telescope  moves  horizontal. 

2nd.  To  make  the  lino  of  coUimation  move  in  a  great  vertical  circle, 
by  sotting  it  perpendicular  to  tho  horizontal  axis. 

3rd.  To  make  it  move  in  that  vertical  circle,  which  is  the  meridian. 

To  make  the  Axi»  Horizontal. — Apply  to  the  pivots  the 
Urge  lovel,  l  Lj  which  is  supplied  with  the  instrument  for 
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tliia  porpose,  and  ia  conetructed  either  to  stand  upon  the 
pivots,  in  which  case  it  is  called  a  striding  level,  or  of  tlio 
Ihrm  shown  at  page  10,  in  which  case  it  is  suspended  from 
the  pivots,  and  is  called  a  banging  level.  Bring  the  air- 
bubble  to  the  centre  of  its  run,  by  turning  the  foot  screw  f. 
Turn  the  level  end  for  end,  and  if  the  air-bubble  retains  ita 
position,  the  axis  U  horizontal ;  but  if  not,  it  must  be  brought 
back,  half  by  the  foot-acrew,  /,  and  half  by  turning  the 
small  screw  at  one  end  of  the  level.  Bcpcat  the  operation 
till  the  bubble  retains  the  same  position  in  both  positions  of 
tlic  level,  and  the  axis  will  be  horizontal. 

To  adjmt  the  Line  of  Collimation  ia  Azimuth. — Direct 
the  telescope  to  some  distant,  small,  and  well-defined  object, 
and  bisect  it  by  one  extremity  of  the  middle  vertical  wire, 
giving  (he  telescope  the  azimuthal  motion  necessary  for  tlii.i 
purpose  by  turning  t!»e  screw  s.  By  elevating  or  depress¬ 
ing  the  telescope,  examine  whether  the  object  is  bisected  by 
every  part  of  the  middle  vertical  wire  ;  and  if  not,  loosen 
the  screws  which  hold  the  eye-end  of  the  telescope  in  its 
place,  and  turn  the  end  round  very  carefully  till  tlic  error  is 
moved.  Lift  the  transit  oiT  the  Y’s,  and  reverse  it,  so  tliat 
‘lie  end  of  the  axis  which  was  upon  the  eastern  Y  may  now 
be  npon  the  western,  and  vice  vend;  and.  if  the  object  is 
still  bisected  by  the  central  vertical  wire,  the  collimation  in 
azimutl)  is  perfect,  but  if  not,  move  the  centre  of  the  cross 
wires  half  way  towards  the  object,  by  turning  the  small 
screws  which  liold  the  diaphragm,  and  if  this  half  distance 
has  been  correctly  estimated,  the  adjustment  will  be  acc>>ni- 
plishcd.  Again  bisect  the  object  by  the  centre  of  the  cross 
wires  by  turning  the  azimuthal  screw  s,  and  repeat  the 
operation  till  the  object  is  bisected  by  the  centre  of  the  cross 
wires  in  both  positions  of  the  instrument,  and  the  adjustment 
will  be  known  to  be  perfect.* 

To  adjutt  the  Tramil  to  the  Meridian. — The  line  of  col- 
liinatiun  by  reason  of  the  previous  adjustment  describes  a 
vertical  circle,  and,  therefore,  bisects  the  zenitli,  which  is  one 
point  in  the  meridian;  if,  then,  wo  can  make  it  also  bisect 
another  pciul  io  the  meridian,  it  will  move  entirely  in  the 

*  Tbo  lioriaontal  motion  given  to  the  Y  by  the  azimuthal  screw  a, 
(ormB,  evidently,  no  part  of  the  adjuatment  for  collimation,  but  only 
Snablea  ua  to  examine  if  the  adjustment  baa  been  made  with  sufficient 
sxactaeu. 
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meridlnn.  Compute  from  tlic  tnblca  in  tlie  Kaiitical  Almanack 
the  time  of  Polaris  coming  to  the  meridian,  and  at  the  com¬ 
puted  time  bisect  the  star  by  tlio  middle  vertical  wire,  and 
the  transit  will  be  very  nearly  adjusted  to  (he  meridian. 

To  make  the  great  vertical  circle  described  by  the  line  of 
collimation  more  nearly  coincident  with  the  meridian,  let  the 
intervals  between  the  successive  passages  of  Polaris  across 
the  meridian  be  observed,  as  indicated  by  the  instrument. 
Then,  if  the  interval  between  the  inferior  and  superior  pas¬ 
sage  be  equal  to  tlic  interval  between  the  superior  and  infe¬ 
rior,  the  adjustment  to  the  meridian  is  perfect;  but  if  the 
interval  between  the  inferior  and  superior  passage  be  less 
than  the  interval  between  the  superior  and  inferior,  the  circle 
described  by  the  line  of  collimation  deviates  to  the  eastward 
of  the  true  meridian,  from  the  zenith  to  the  north  point  of 
the  horizon,  and  to  the  westward,  from  the  zenith  to  the 
south  point  of  the  horizon  ;  while  if  the  interval  between  tlie 
inferior  and  superior  passage  be  the  greater,  the  deviation  is 
in  the  contrary  directions. 

Let  2  bo  the  observed  difference  of  tiie  intervals  from 
twelve  hours,  or  half  the  difference  between  the  two  intervals, 
in  seconds,  n-  the  polar  distance  of  the  star  Polaris,  and  l  tlie 
latitude  of  the  place  ;  then,  z  representing,  in  time,  the  devia¬ 
tion  from  the  meridian,  the  value  of  z  will  be  given  by  tlie 
logarithmic  formula, 

log.  z  =  log.  ^  log.  acc.  L  log.  tan.  r  —  20 

EXAMPLE. 

Place  of  observation,  Cambridge,  latitude  52^  12'  3G". 

Pol.ir  diaUtnea  of  Polaiia,  39''  25''05-  *“ 

Difference  of  intervals  from  12**,  7“,  22‘  = 

1=221  . log.  —  2-3113923 

I  =  32"  12'  30  ' . log.  «M.  =  10  2127030 

«  =  w'J'  2d'''0d...log.  tan.  8'45130C1 

1=.  10«195 . . . log.  =  21  0084017 

To  determine  the  value  of  a  revolution  of  the  azimuthal 
■crew  a,  the  time^  of  passage  of  an  equatorial  star  acros.'i 
the  middle  vertical  wire  must  be  noted  one  day;  and  then, 

*  The  time  here  spoken  of,  and  throughout  the  description  of  tbiia 
instrument,  unleaa  olberwiae  expressly  aluled,  ii  sidereal,  and  not 
mean  time. 
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turning  the  screw,  s,  once  round,  the  time  of  pnssage  tnnst 
be  iiutod  again  the  .next  day;  and  the  dilTcrencc  of  tlicsa 
times  will  be  the  equatorial  valiio  in  time  of  a  revolution  of 
the  screw.  Suppose  the  difference  thus  observed  to  amount 
to  two  seconds,  then  the  equatorial  value  of  one  complete 
revolution  of  the  screw,  a,  is  two  seconds,  ond  the  value  of 
the  motion  of  the  adjusting  screw,  tints  obtained,  must  be 
reduced  to  the  horizon,  l>y  increasing  it  in  the  ratio  of  radina 
to  cosine  of  latitude,  and  may  then  be  applied  to  correct  tho 
error  of  delation,  os  found  above. 

A  second  method,  founded  on  tltc  same  principles  as  tlie 
preceding,  consists  in  observing  the  polar  star,  and  another 
star,  which  crosses  the  meridian  near  the  zenith  of  tlie  phice 
of  observation.  The  time  of  passage  of  such  a  star,  Cnpella, 
for  instance,  when  near  its  superior  transit,  across  the  middle 
wire  of  the  telescope,  will  differ  but  very  little  from  tlie  time 
of  passing  the  true  meridian,  if  tlie  deviation  of  tlie  instru¬ 
ment  from  the  meridian  he  hnt  small.  Assume  the  two 
times  to  agree  exactly,  and  the  difference  between  the  times 
of  superior  transit  of  Capelin  and  Polaris  will  be  the  diR'cr- 
ence  of  the  ol>servod  right  ascensions  of  these  two  stars. 
V>om  this  difference  subtract  the  difference  of  the  computed, 
or  catalogued,  right  ascensions  of  tlie  two  stars,  and  call  tlie 
resiilt  D  *  and  the  deviation  will  be  given  by  tlic  formula, 
log.  z  =  log.  D  +  log.  sin.  «  +  log.  sec.  (l  +  w) ; 

IT  being  the  polar  distance  of  Polaris,  and  l  tlie  latitude  of 
tlie  place  of  observation.  From  Capclla  not  having  been 
exactly  on  the  meridian,  when  on  the  middle  vertical  wire, 
llie  voliie  of  D,  as  above  obtained,  is  only  an  approximation 
to  the  error  of  the  observed  riglit  ascension  of  Polaris,  ami 
tlie  deviation  computed  from  it  will  be  only  approximately 
correct;  but,  by  repeating  the  operation, the  adjustment  mav 
be  completely  perfected. 

D  is  actually  the  value  of  the  snm  of  the  errors  of  the 
observed  right  ascensions  of  Capella  and  Polaris,  ond  hence 
the  value  of  z  will  be  correctly  given,  by  so  considering  it, 
instead  of  supposing  ns  above,  that  this  error  for  Capclla  is 
zero.  The  true  deviation  then  is  given  by  the  formula, 

log.  z = log.  D  -|-  log.  sin.  S'-!*  log.  810 .  »'-l- log.coscc.  (*'—  »)  log.  bcc.  l ; 

v'  being  the  polar  distance  of  Capella. 

Using  this  last  formula,  the  method  may  be  applied  to 
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Polaris,  nutl  any  star  Hisfniit  from  tlic  pole,  or  fo  any  two 
dtars  (lififering  from  each  oilier  not  lo.ss  tlian  40®  in  declina¬ 
tion.  If,  however,  the  transit  of  one  slar  is  observed  above, 
and  of  the  other  below  the  pole,  the  formula  will  be 
log.z  =  log.  D-piog.ain.  *r-j-log.  sin.  n-'+log.  cosoc.  (ff'-J-rl-l-log.sec.  L. 

Considerable  advantage  may  be  obtained  by  selecting  two 
stars  that  difier  but  little  in  ri.i^lit  aacensiun,  as  there  is  then 
the  leas  probability  of  error  from  a  cliangc  in  the  rate  of  the 
clock,  or  in  the  position  of  the  instrument,  on  wliicli  account 
fiucli  methods  arc  to  be  preferred  In  temporary  observatories, 
where  the  stability  of  the  instrument  is  not  to  be  dejicnded 
upon  for  any  length  of  time. 

In  all  tlie  preceding  formnlx,  tlie  deviation  from  the 
meridian  is  given  in  time;  but,  to  convert  it  into  angular 
measure,  if  desirable,  wc  have  only  to  multiply  by  lo,  and 
the  seconds  of  time  will  be  converted  into  seconds  of  a 
degree. 

When  the  instnunent  is,  by  any  of  the  iiietliods  cx])lained 
above,  brought  into  the  mei'idian,  a  distant  mark  may  be  set 
np  in  the  plane  of  the  meridian,  by  wliich  the  adjustment  to 
the  meridian  may  aftei'\\'nrd8  be  tested. 

2IETIIOD  OV  OnSEUVINO  WITH  THE  TRANSIT. 

The  adjustments  having  been  completed,  in  making  obser¬ 
vations  with  the  instillment,  the  instant  of  a  star's  passing 
t!ic  middle  vertical  wire  will  be  the  time  of  the  star's  transit ; 
but  tlic  time  of  tlie  star's  passing  all  the  five  wires  must  be 
noted,  and  tbe  mean  of  the  times,  taken  as  the  time  of  transit, 
will  be  a  more  accurate  result  than  the  time  obiiervcd  at  the 
middle  wire  only. 

When  the  sun  is  the  object  observed,  the  time  of  the  centra 
of  bis  disc  passing  the  middle  w’ire  is  the  time  of  transit ; 
but,  as  it  would  be  impossible  to  estimate  the  centre  with 
accuracy,  the  time  of  both  his  limbs  Cuming  into  contact 
with  each  w’iro  in  succession  is  to  be  noted,  and  a  mean  of 
all  these  times  will  be  the  time  of  transit  required.  This 
mean  may  be  conveniently  taken,  by  w’riting  the  observed 
times  of  contact  of  the  first  and  second  limbs  underneath 
each  other  in  the  reverse  order,  when  tbe  siims  of  each  pair 
will  be  nearly  equal.* 

*  This  is  Br.  Pearson's  method. 
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EXAMPLE. 


M 

O  1  Limk. 

O  2  Limb. 

m 

B 

Q 

The  time  of  cither  liniL  passing  the  centre  wire  is  recorded 
in  full,  but  fop  the  other  wires,  the  eoconds  only  arc  recorded, 
as  the  sums  of  the  several  pairs  only  differ  by  decimals  of  a 
Bocond.  Half  the  sum  of  the  times  at  the  middle  gives,  then, 
the  correct  time  of  transit  as  for  as  the  seconds,  and  the  deci¬ 
mals  are  found  by  removing  the  decimal  point  one  place  to 
the  left  in  the  sum  13*2,  which  is  e<]iiivalent  to  dividing  by 
10.  Tlien  the  time  of  transit,  or  mean  of  observations  in 
the  above  example,  is  12*'  0™  1*'33.  This  example  is  talccn 
from  observations  made  with  a  large  transit;  and  if  with  a 
smaller  instrument  the  sums  of  the  several  pairs  of  observa> 
lions  should  differ  by  more  than  a  second,  it  will  be  necessary 
to  take  the  sums  of  both  figures  of  the  seconds,  and  t/ic 
division  by  10,  performed  as  above,  will  give  the  lost  figure 
of  the  seconds,  as  well  ns  the  decimals. 

In  taking  transits  of  the  moon  tbc  luminous  edge  alone 
can  be  observed,  from  which  tbc  time  of  transit  of  the  centre 
must  be  deduced  by  the  aid  of  Lunar  tables. 

In  observing  the  larger  planets,  one  limb  may  be  observed 
at  tbc  first,  third,  and  fifth  wires,  and  the  other  at  the  second 
and  fourth,  and  the  mean  of  these  observations  will  give  the 
transit  of  the  planet’s  centre. 

It  will  sometimes  happen  that  from  the  state  of  weather, 
nr  from  some  other  cause,  a  heavenly  body  may  not  have 
been  observed  at  all  tbc  wires ;  but,  if  the  declination  of  the 
body  be  known,  an  observation  at  any  one  of  tbc  wires  may 
be  reduced  to  tbc  central  wire,  so  as  to  give  the  time  of 
transit,  as  deduced  from  this  observation.  If  an  observation 
be  obtained  at  more  than  one  wire,  the  mean  of  the  times  of 
passing  the  centre,  as  deduced  from  each  wire  observed,  is 
to  he  taken  as  the  time  of  transit.  The  reduction  to  the 
centre  wire  is  given  by  the  formula, 

B  =  v  cosec.  a-, 

or  log.  B  =  log.  Y  +  log.  cosec.  r ; 
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?n  wlitcli  R  rcpreacnfs  the  reduction,  w  the  polar  distance  of 
tlic  body  observed,  and  v  the  crinatonal  interval  from  tiie 
^\'irc  at  whicii  the  observation  has  been  made  to  tlio  central 
wire.  TIic  equatorial  intervals  for  cacli  side  wiro  must, 
tliereforc.  be  carefully  observed,  and  tabulated  for  the  pur- 
])oac  of  this  reduction.  The  formula  n  =  v  coscc.  jt  is  only 
All  approximate  value  of  the  reduction,  and  witli  large  insiru- 
lucnts  capable  of  giving  reaulta  within  0''*05,  a  further  cor¬ 
rection  is  necessary  for  bodies  within  10®  of  the  pole.  Tbo 
whole  reduction  in  this  case  is  given  by  the  formula, 

b'  =  ain.~'  (coBCC.  a-  sin.  15  v). 

iu 

The  time  of  any  star's  passage  from  one  of  the  side  wires 
to  tlie  centre  wire  being  observed,  the  equatorial  interval 
from  that  wire  to  the  centre  is  obtained  by  multiplying  tbo 
observed  interval  by  the  sine  of  the  star's  polar  distance; 
and  the  equatorial  intervals  being  deduced  in  this  manner 
from  a  great  many  stars,  the  mean  of  the  results  may  bo 
considered  as  very  correct  values  of  the  equatorial  intervals 
required.  No  star  very  near  the  pole  should,  however,  be 
taken  for  this  purpose. 

USE  OF  THE  rORTABLE  TRANSIT. 

I'hc  large  transits  in  permanent  observatories  are  used  to 
obtain,  with  the  greatest  possible  accuracy,  the  right  ascen¬ 
sions  of  the  heavenly  bodies,  from  which,  and  the  meridian 
altitudes  observed  by  a  mural  circle,  an  instrument  consisting 
of  a  telescope  attached  to  a  large  circle,  and  placed  in  the 
plane  of  the  meridian,  nearly  alt  the  data  necessary  for  every 
astronomical  computation  are  obtained.  Nor  such  purposes 
the  small  portable  transit  is  not  adapted ;  but  it  is  competent 
to  determine  the  time  to  an  accuracy  of  half  a  second,  to 
determine  the  longitude  by  observations  of  the  muon  and 
moon  culminatiug  stars,  and  to  determine  the  latitude  by 
placing  if  at  right  angles  to  the  meridian,  or  in  the  plane  of 
llic  prime  vertical.* 

'I'hc  transit  of  the  sun's  centre  gives  the  npjiaront  noon  at 
the  place  of  observation,  and  the  mean  time  nt  apporont  noon 
is  found  by  subtracting  or  adding  llie  equation  of  lime,  oi 

*  The  prime  vertical  is  the  great  circle  which  passes  through  thf 
and  the  east  and  vest  points  of  the  honzop, 
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found  in  the  Nautical  Almanack,  to  24  houra.*  The  difier- 
cncc  between  the  mean  time,  thus  found,  and  the  time  of  tiie 
bud’s  transit,  as  shown  by  a  clock  or  chronometer,  is  the 
error  of  the  clock  or  chronometer  for  mean  time  at  the  place 
of  observation. 

The  time  shown  by  a  sidereal  clock,  when  any  heavenly 
body  crosses  the  lueridian,  should  coincide  with  the  right 
ascension  of  that  body,  ns  given  in  the  Nautical  Almanack. 
The  din'ercDCcbctwecn  the  time  shown  by  the  sidereal  clock, 
at  the  transit,  and  the  right  ascension  of  the  body,  taken 
from  the  almannck,  will,  therefore,  be  the  error  of  the  clock, 
+  ,  or  too  fast,  when  the  clock  time  is  greater  than  the  right 
ascension,  — ,  or  too  slow,  when  it  is  less. 


CHAPTER  nr. 

THK  rOUTABLK  ALTITUDE  AND  AZIMUTH  INSTRUMENT. 

The  bending  of  an  unbraced  telescope  renders  it  unfit  for 
the  dclcrniination  of  altitudes  ;  but  by  placing  the  telescope 
between  two  circles  braced  together,  an  instrument  may  bo 
formed  capable  of  observing  both  the  meridian  altitudes  and 
limes  of  transit  of  the  lieaveidy  bodies.  The  increased  weight 
of  the  instrument,  howe\'cr,  must  now  he  prevented  from 
jiroducing  flexure  in  the  horizontal  axis,  and  this  has  been 
very  ingeniously  accomplished  by  Trougbton.  mounting 
the  transit  and  altitude  instrument,  as  Trougiiton’s  transit- 
circle  maybe  called,  upon  a  horizontal  plate  or  circle,  liaving 
on  azimnihiil  motion  round  a  vertical  axis,  an  instrument  ia 
formed  by  wbicb*  observations  may  be  made  either  in  or 
out  of  the  meridian.  \Vhcn  constructed  of  a  portable  sizo, 
ibc  altitude  and  azipiutli  instrument  may  also  be  used  iii 
imporliiiit  surveying  operations;  fur,  in  fact,  it  may  be  con¬ 
sidered  as  a  rather  large  ihcudolilc  of  superior  construction. 

The  altitude  and  azimuth  instrument  may  be  considered 

*  Tho  astronomical  day  commences  at  noon,  and  contains  2-t  hours, 
the  hours  nQcr  midnight  being  culled  13,  1-t,  &c.,  iind  the  day  ends  at 
the  next  noon.  Tho  equation  of  time  .is  given  in  the  Nautical  Alma¬ 
nack  for  apparent  noon  at  the  meridian  of  Greenwich,  and  the  correc¬ 
tion  to  give  the  equation  of  time  at  any  other  meridian  will  be  found 
by  multiplying  tho  difrerenco  for  one  hour,  ns  given  in  the  altnnnack» 
hv  the  longitude  of  tbit  place,  estiiniUcd  in  time. 
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aa  consisting  of  tlircc  parls:  1,  tlie  tripod  carrying  tlie  ver¬ 
tical  axis  about  wliicli  the  instrument  turns  ;  2,  the  horizontal 
revolving  plate  carrying  the  vertical  pillars,  with  their 
ajipendages;  and  3,  the  vertical  circles  with  the  telescope. 

The  tripod,  a  a,  is  supported  by  three  foot-screws,  by  which 
the  vertical  axis  is  brought  into  adjustment,  and  carries  the 
lower  horizontal  j)hite,  which  is  graduated  to  show  the 
azimuths,  or  horizontal  angles.  The  vertical  axis  is  a  solid 
meiallic  cone  rising  from  the  centre  of  the  tripod  to  a  height 
about  equal  to  the  radius  of  the  horizontal  circle. 

'Fo  point  out  the  graduation,  upon  the  lower  horizontal 
plate,  or  azimuth  circle,  the  upper  horizontal  j)lalo,  or  horizontal 
revolving  jilate,  v  v, 
carries  an  index,  which 
dcnotesncarly  the  angle 
to  be  read  off.  The 
graduations  upon  the 
azimuth  circle,  as  well 
as  upon  the  vertical 
circle,  are  subdivided 
by  rending  micro¬ 
scopes,  the  constnic- 
tion  and  adjustments 
of  which  we  shall  pro- 
senlly  explain.  The 
reading  niicruscopcs  of 
tlic  aziniutli  circle  arc 
attaclicd  to  tiic  revolv¬ 
ing  j)l.itc,  v  V,  which 
also  carries  two  upright 
pillars.  From  tlic  centre 
of  the  upper  horizontal 
plate,  V  V,  rises  a  hollow 
brass  cone  which  just 
fits  over,  and  moves 
sinootldy  upon  the  solid 
metallic  vertical  axis 
rising  from  the  trijiod 
stand.  A  horizontal 
brace  connects  tbc  two 
iipriglit  pillars  witli  one 
anotlier  and  with-  tlte 
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top  of  tlie  Lollow  brnss  cone,  and  keeps  tbe  pillars  firm,  snd 
parallel  to  one  another.  On  tbe  top  of  each  pillar  a  gibbet 
piece  is  fixed,  projecting  beyond  tbe  pillar,  and  upon  the  ex¬ 
treme  ends  of  these  pieces  are  carried  the  Y's  for  supporting 
the  pivots  of  the  horizontal  or  transit  axis.  The  Y’s  are  each 
capable  of  being  raised  or  lowered  by  turning  a  millcd- 
licaded  screw.  The  top  of  one  of  the  pillars  carries  a  cross¬ 
piece,  for  sujiporting  the  two  reading  microscopes  of  the 
vertical  circle ;  and  to  this  cross-])iece  is  attached  the 
level,  L  L,  by  which  the  adjustment  of  the  vertical  axis  is 
denoted. 

The  third  portion  of  the  instrument  consists  of  the  vertical 
circle  ond  its  telescope.  'J'his  circle  consists  of  two  limbs 
lirndy  braced  together,  and  preventing  ony  tendency  to 
ilexure  in  the  tube  of  the  telescope,  by  nffurding  it  support 
at  the  opposite  ends  of  a  diameter.  One  of  the  limbs  only 
is  graduated,  and  the  graduated  side  is  called  the  foce  of 
the  instrument,  and  the  clamp  and  tangent  screw,  for  giving 
a  slow  motion  to  the  vertical  circle,  act  upon  the  ungrn- 
duated  limb,  and  are  fixed  to  the  vertical  pillar  on  the  side 
of  that  limb.  The  horizontal  axis,  which  supports  the  tele¬ 
scope  and  vertical  circle,  is  constructed  exactly  ns  the  axis 
of  the  transit  instrument  already  described  ;  but,  an  it  might 
press  too  heavily  on  the  Y's  from  the  increased  load  of  the 
vertical  circle,  a  spiral  spring,  fixed  in  tiie  body  of  each 
pillar,  presses  up  a  friction  roller  against  the  conical  axis 
with  a  force  whicii  is  nearly  a  counterpoise  to  its  weight. 
The  adjustment  of  the  horizontal  oxis  is  denoted  by  a  strid¬ 
ing  level,  as  in  the  portable  transit  already  described. 

IDJCSTUEST. 

Adju$lmenf$  0/  the  Vertical  Axis. — Turn  the  instrument 
round  till  the  level,  l  L,  is  over  two  of  tbe  foot-screws,  and 
adjust  tbe  level,  so  that  its  bubble  may  retain  the  same 
position  when  the  instrument  is  turned  half  round,  and 
the  level  is  again  over  tlie  same  fuot-scrcws,  but  in  the 
reverse  position.  The  error  nt  cucli  trial  is  corrected,  ns 
nearly  as  can  be  judged,  half  by  the  foot-screws,  and  half 
by  the  adjusting  Hcrew  of  the  level  itself. 

Next  turn  the  instrument  round  DO'  in  azimuth,  so  that 
the  level,  l  l,  may  he  at  right  angles  to  its  former  position^ 
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and  bring  the  bubble  to  the  same  position  as  before,  by 
turning  the  third  foot-screw.  Repeat  the  whole  operation 
til]  the  result  is  satisfactory. 

Adjustment  of  the  Horizontal  Axis. — This  adjustment  is 
performed  in  the  same  manner  as  already  described  for  the 
transit  instrument  (p.  135),  with  the  single  exception  that 
one  end  of  the  axis  is  to  be  raised  or  lowered,  if  necessary, 
by  the  screw  acting  upon  its  Y,  and  not  by  moving  a  foot- 
screw,  which  would  derange  the  previous  adjustment. 

Adjustment  of  the  Circle  to  iti  Heading  Microscopes. — 
This  is  performed  by  raising  or  lowering  both  the  Y's 
equally,  so  as  not  to  derange  the  previous  adjustment,  till 
the  microscopes  are  directed  to  opposite  points  in  its  hori- 
EOntal  diameter. 

Adjustment  of  CoUimaiion  in  Azimuth. — Instead  of  taking 
the  axis  out  of  its  bearings  and  turning  it  end  for  end,  the 
whole  instrument  is  turned  round  in  azimuth  ;  but  in  all 
other  respects  the  method  of  performing  this  adjustment 
is  the  same  as  that  already  described  for  the  transit  instru¬ 
ment  (p.  13G). 

Adjustment  of  Collimation  in  Altitude. — Point  the  tele¬ 
scope  to  a  very  distant  object,  or  star,  and,  bisecting  it  by 
the  cross  wires,  read  off  tho  angle  upon  the  vertical  circle 
denoted  by  the  reading  microscopes.  Turn  the  instrument 
half  round  in  azimuth,  and,  again  bisecting  the  same  object 
by  the  cross  wires,  read  off  the  angle.  One  of  these  read¬ 
ings  will  be  an  altitude,  and  the  other  a  zenith  distance,* 
and  their  sum,  therefore,  when  there  is  no  error  of  collima- 
tion  in  altitude,  will  be  90^.  If  the  sum  is  not  OO^,  half  its 
difference  from  90°  will  be  the  error  of  collimation  in  alti¬ 
tude,  and  ibis  error  being  added  to,  or  subtracted  from,  the 
observed  angles,  according  as  the  sum  of  the  readings  is 
less  or  greater  than  90°,  will  give  the  true  zenith  distance 
and  altitude.  The  error  of  collimation  in  altitude  may  then 
be  corrected  by  adjusting  the  microscopes  to  read  the  true 
zenith  distance  and  altitude  thus  found,  while  the  object  is 
bisected  by  the  cross  wires  of  the  telescope.  The  error  of 
collimation  of  this  and  other  astronomical  instrumenta  may 
also  be  found,  or  corrected,  by  the  collimator. 

*  Both  the  horizontal  and  vertical  circles  are  nsually  divided  alike 
into  four  quadrants,  and  each  quadrant  graduated  from  .Q°  to  UO^. 
proceeding  in  the  same  direction  all  round  the  circlua. 
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yETBOfi  07  OBfiKBYIKO  WITH  TEE  AXTITTIBI  AHD  AXmOTH 
INSTB17EEKT, 

In  using  the  altitude  and  azimuth  instrument  for  astrono« 
mical  purposes  double  observations  should  always  he  mode, 
with  the  face  first  to  the  east,  and  then  to  the  west,  or  vice 
vend, or  several  ohservations  maybe  made  with  the  face  to  the 
east,  and  as  many  with  the  face  to  the  west,  and  the  mean  of 
the  results,  reduced  to  the  meridian,  taken  as  the  true  results. 
The  place  for  a  meridian  mark  may  be  determined  by  the 
methods  already  explained  when  describing  the  transit 
instrument,  or  by  observing  the  readings  of  the  azimuthal 
circle,  or  noting  the  times  when  any  celestial  object  has 
equal  altitudes.  Since  the  diaphragm  of  the  telescope  is 
furnished  not  only  with  the  central  horizontal  wire,  but  with 
other  horizontal  wires  at  equal  distances  above  and  below  it, 
so  that  there  may  be  altogether  either  three,  or  five,  or  seven 
horizontal  wires,  the  azimuths  and  times  may  be  notified 
when  the  object  observed  is  bisected  by  each  of  these  wires. 
If  a  fixed  star  be  the  object  observed,  the  mean  of  the  times 
will  give  the  time  of  the  star's  passing  the  meridion,  and  the 
mean  of  the  azimuths  will  give  the  reading  of  the  azimuth 
circle  when  the  star  was  on  the  meridian,  or  the  correction 
to  be  applied  to  the  readings  of  the  azimuth  circle  to  give 
the  true  azimuths.  If  the  sun  be  the  body  observed,  a 
correction  is  necessary  on  account  of  the  change  of  his 
declination  during  the  intervals  between  the  observations. 

The  correction  for  the  time,  as  deduced  from  a  pair  of 
equal  altitudes  of  the  sun,  is  given  by  the  formula — 
e 

Conaction  —  _i_  v - - - (tan.  d  X  eoi.  1«®.4  —  tan.  Ll 

720  Bin.  * 

> 

in  which  i  repreaenta  the  variation  in  the  aun'a  declination  from  tha 
noon  of  the  day  preceding  the  observationB  to  the  noon  of  tha 
day  flocceeding; 

I  repjidentfl  the  interTal  between  the  ohaervatlona  expreased  in 
houra  and  dacimala  of  an  hour ; 

D  representa  the  sun's  declination  at  noon  on  the  day  on  which 
the  observationa  are  made  ; 

L  represents  the  latitude  of  the  place. 

J  is  to  be  reckoned  positive  when  the  tun's  decimation  is  inoreaaing, 
and  negative  when  it  is  decreasing, 

Ihs  oorreotion  for  azimuth  is  given  by  the  formula— 
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Correction  ■■  J  (d' —  nj  aec.  lat.  cosec. 

in  which  d' —  n  represents  the  change  of  the  sun’s  decli- 1  between  the 
nation,  and  Y—t  represents  the  interval  in  time,  j  obscrvationo. 

When  the  sun  is  advancing  towards  the  north  pole,  this 
correction  will  carry  the  middle  point  towards  the  w’eat  of 
the  approximate  south  point;  but  when  he  is  approaching 
the  south  pole,  it  will  carry  the  same  point  towards  the  east, 
and  must  be  applied  accordingly. 

USE  OP  TDK  ALTITUDE  AND  A2rilDTII  IKSTBUUENT. 

The  altitude  and  azimuth  instrument  being  adapted  to 
observe  the  heavenly  bodies  in  any  part  of  the  visible 
expanse  of  the  heavens,  its  powers  may  be  applied  at  any 
time,  to  determine  the  data  from  which  the  time,  the  latitude 
of  the  place  of  observation,  or  the  declination  of  the  body 
observed  may  be  at  once  determined.  We  subjoin  some  of 
the  formula:,  adapted  to  logarithmic  computation,  connecting 
the  parts  of  wlmt  may  be  called  the  astronomical  iriangU, 
of  which  the  angular  points  are — the  pole,  r;  the  zenith,  y. 
and  the  apparent  place  of  the  body  observed,  s. 

Let  p  2,  the  colatitude  of  the  place,  be  represented  by  A 


p  s,  the  polar  distance  of  the  body  observed . v 

z  s,  the  zenith  distance  of  the  body  observed  ...  z 

z  p  s,  the  hour  angle  from  the  meridian . A 

p  z  8,  the  azimuthal  angle  . . . . . .  ci 

z 


z 


Then  we  have  the  following  formula)  for  determining  the 
dino,  the  latitude,  and  the  Jeclination  cf  the  body  observed. 


*suraiviMi£Ni  'tvou.TifaHivii  Vft 
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CHAPTER  IV. 

SUBSIDIARY  INSTRUMENTS.  ' 

THE  OEADINO  MICOOSCOPK. 

Tue  first  of  the  annexed  figures  represents  a  longitudinal 
eection  of  this  instrument,  and  the  second  represents  the 
Sold  of  view,  showing  the  niaguificd  divisions  of  the  limb  of 


the  instrument  to  which  the  microscope  i.«  applied,  and  tli« 
diaphragm,  d  d,  of  the  microscope,  with  its  comb,  c  c,  and 
cross  wires,  w  w.  The  diaphragm  is  ^ 

contained  in  the  box  t  t,  and  consists  of 
two  parts,  moving  one  over  the  other: 
the  comb,  c  c,  which  is  moved  by  the 
screw,  t,  at  the  bottom  of  the  box,  for 
the  purpose  of  adjustment;  and  the  cross 
wires  10  io,  and  index  i,  w’hicli  arc 
moved  over  the  comb  and  the  magnified 
image  of  the  limb,  by  turning  the  milled 
head  h.  The  micrometer  head,  wi,  is  attached  by  friction  to 
the  screw  turned  by  the  milled  head,  so  that  by  holding  fast 
the  milled  head,  the  micrometer  head  can  be  turned  round 
for  adjustment. 

e  is  the  eje-piecc,  which  slidca  with  friction  into  the  cell 
0,  so  as  to  produce  distinct  vision  of  the  spider's  lines  of  the 
micrometer.  The  object-glass,  o,  ie  held  by  a  conical  piece, 
d  d,  which  screws  farther  into  or  out  of  the  body'  of  tlie 
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instroment,  so  as  to  produce  distinct  vision  of  the  divided 
limb  to  be  read  by  the  microscope,  and,  when  adjusted,  is 
hold  firmly  in  its  place  by  tlie  nut  h  h.  The  microscope 
screws  into  a  collar,  so  as  to  be  capable  of  adjustment  with 
respect  to  its  distance  from  the  divided  limb,  and,  when  so 
adjusted,  is  held  firmly  in  its  place  by  the  nuts  nn,  u  n. 

Adjutimeniiof  ilte  Ittading Microicope. — Screw  the  object- 
glass  home.  Insert  the  body  of  the  microscope  into  the 
collar  destined  to  receive  it,  and  screw  home  the  nuts  n  n 
and  n'  tl.  Make  the  diaphragm  and  spider-lines  visible 
distinctly,  by  putting  the  eye-piece,  e,  the  proper  depth  into 
the  cell  c.  Then  make  the  graduated  limb  also  distinctly 
visible,  without  parallax,  by  turning  the  nuts,  n  n,  and  n  n', 
unscrewing  one,  and  acrewing  up  the  other,  till  the  desired 
end  is  attained. 

Now  bring  the  point  of  intersection  6f  the  spider-lines 
upon  a  stroke  of  the  limb,  and  turn  the  micrometer  head,  m, 
to  2ero;  then,  turning  the  screw  A,  tlirough  five  revolutions, 
if  the  point  of  intersection  of  the  spider-lines  has  not  moved 
over  the  whole  of  one  of  the  divided  spaces  on  the  limb,  the 
object  lens  must  be  screwed  up,  to  diminish  the  power,  by 
turning  the  cone  d  d}  and  if  it  has  moved  over  more  than 
one  of  the  divided  spaces,  it  must  be  unscrewed  to  increase 
the  power,  and  then  altering  the  position  of  the  microscope, 
by  turning  the  nuts  n  n  and  n  n'  till  distinct  vision  of  the 
limb  is  again  obtained,  the  meosure  of  tito  space  moved  over 
by  five  revolutions  of  the  screw  must  be  repeated  as  before. 
Wiicn,  after  repeated  trials,  the  result  is  satisfactory,  the 
three  nuts  «  «,  n  n',  and  h  b,  must  be  screwed  tight  home 
to  render  the  adjustment  permanent. 

When  the  microscope  has  been  thus  adjusted  for  distance, 
the  zero  of  the  divisions  on  the  limb  must  be  brought  to  the 
point  of  intersection  of  the  spidcr-lincB,  and  the  divided 
head,  m,  turned,  till  its  zero  is  pointed  to  by  its  index,  and 
then,  if  the  zero  on  the  comb,  c  c,  be  not  covered  exactly  by 
the  index  t,  the  comb  must  be  moved  by  turning  the  screw 
which  enters  the  bottom  of  the  micrometer  box,  till  its 
zero  is  covered  by  the  index  pin.  The  adjustments  of  the 
rending  microscope  will  now  be  perfect;  and  the  graduated 
limb  to  be  rend  by  it,  being  divided  at  every  five  minutes, 
the  degree  and  nearest  five  minutes  of  an  observed  angle 
will  be  shown  by  the  pointer  or  index  to  this  graduated 
Ijmb  )  while  the  number  of  complete  revolutions,  and  the 
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parts  of  a  revolution  of  the  screw  h,  in  the  order  of  the  num¬ 
bers  upon  the  micrometer  head,  m,  required,  to  bring  the 
point  of  intersection  of  the  spider-lines  upon  a  division  of 
the  graduated  limb,  will  be  the  number  of  minutes  and 
seconds,  respectively,  to  be  added  to  the  degrees  and  minutes 
shown  by  the  index  of  the  circle.  The  complete  revolutions, 
or  minutes,  to  be  added,  are  shown  by  the  number  of  teeth 
the  index,  t,  has  passed  over  from  zero,  and  the  parts  of  a 
revolution,  or  seconds  and  tenths  to  be  added,  are  pointed 
out  upon  tlie  micrometer  head,  m,  by  its  index. 

THE  COIXIBIATOB. 

B  B  is  a  rectangular  mahogany  box,  partly  filled  with  mer¬ 
cury.  F  r  is  a  float  of  cast-iron,  partly  immersed  in  the 
mercury,  b,  h  arc  two  iron  bearing  pieces,  screwed  to  tlie 
bottom  of  the  box  by  short  iron  screws:  and  each  of  these 
pieces  lias  two  vertical  plates  turned  up,  the  inner  one  of 
which  has  a  longitudinal  slit  in  it,  into  which  slits  iron  pivots, 
screwed  into  the  sides  of  the  float,  are  admitted.  The  use 
of  these  parts  is  to  keep  the  aides  of  the  float  parallel  to  the 
sides  of  the  box,  and  at  an  inch,  or  more,  from  contact  with 
any  part  of  tbe  box,  that  the  mercury  may  assume  a  flat 
aurrace.  h  and  r  are  two  bolding  pieces  of  metal  cast  along 
with  tbe  float,  and  are  perforated,  to  receive  each  a  socket. 
The  socket  at  h  receives  an  achromatic  object-glass,  and  is 
adjustable  by  a  screw  for  its  focal  distance,  and  the  socket  at 
K  holds  two  cross  wires  ;  while  another  socket,  let  into  the 
end  of  the  box  at  L,  carries  a  lense  forming  an  eye-piece;  so 
that  the  collimator  is,  in  fact,  an  astronomical  telescope,  with  a 
system  of  cross  wires  in  the  common  focus  of  the  object- 
glass  and  eyc-lena.  The  inclination,  as  compared  with  the 
surface  of  the  fluid,  of  the  optical  axis  of  this  telescope,  or 
of  the  line  joining  the 
centre  of  the  object- 
glass  ond  tbe  intersec¬ 
tion  of  the  cross  wires, 
can  be  modified  by  the 
addition  of  perforated 
pieces  of  iron,  held  steady 
by  tho  vertical  pin  p, 
and  by  their  weight  depressing  the  end  of  the  float.  The 
mercury  must  be  os  pure  as  can  be  obtained,  and  particles 
of  dust  must  be  constantly  excluded  by  a  lid  that  covers 
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over  the  top  of  the  box.  m  is  a  circular  hole,  closed 
when  the  instrument  is  not  in  use,  through  which  the 
telescope,  of  which  the  error  of  collimation  is  sought,  is  to 
be  directed ;  and  a  lamp  is  placed  behind  the  eye-lens  at  l. 
to  illuminate  the  cross  wives. 

of  the  Collimator  with  an  Altitude  and  Azimuth 
Tn&trument. — Place  the  collimator  in  tlie  plane  of  the  meri¬ 
dian  on  the  south  side  of  the  observatory,  and  direct  it  so 
that  the  cross  wires  of  the  telescope  of  the  altitude  and 
azimuth  instrument  may  be  seen  through  it,  in  the  centre  of 
the  field  of  view  ;  then  also  will  the  cross  wires  of  the  colli¬ 
mator  be  seen  through  the  telescope,  in  the  centre  of  its  held 
of  view.  Read  off  the  altitude  of  the  cross  wires  of  the 
collimator,  and  then,  turning  the  instrument  half  round  in 
azimuth,  observe  again  the  cross  wires  of  the  collimator 
and  read  off  the  angle  upon  the  vertical  limb,  which  will 
now  be  a  zenith  distance.  The  difference  between  the  sum 
of  these  readings  and  90°,  is  the  correction  which  is  to  be 
applied  to  the  altitudes  and  zenith  distances  observed  with 
the  instrameiit. 

Example. — The  sun's  meridian  altitude  had  been  observed 
on  the  20th  December,  1826,  and  the  following  determina¬ 
tion  of  the  error  was  made  immediately  after  the  observations 
were  finished ;  viz. 

Before  reversion  the  apparent  altitude  of  the  cross 

wires  was . 0®  1'  2"*33 

After  reversion  the  apparent  zenith  distance  of  the 

cross  wires  was  .  ,  «  .  .  ,  .  80  58  10  *33 

Sam . 

Defect  from  90* 

Correction  of  errors  of  collimation,  &c. 

(  I'  2'''33  1 

Altitude  of  cross  wires  corrected  =>  ]  .  23  .gQ  } 

Zenith  distance  ,  .  .  =  j 

90  0  0  00 

The  collimator  may  also  he  used  for  a  meridian  mark  with 
the  transit  instrument.  When  used  with  a  circle  for  mea¬ 
suring  altitudes  and  zenith  distances,  which  has  no  motion 
in  azimuth,  the  collimator  must  be  moved  from  the  north  to 
the  south  side  of  the  observatory,  and  the  mean  of  the  obser¬ 
vations  in  each  of  these  two  positions  will  give  the  correction 
for  the  errors  of  collimation.  d:c..  as  above 


.  80  60  12  -6G 
47  -33 
23  *6G 

M  1  26  -00 

s  89  68  34  *00 
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CHAPTER  V. 

THE  EQUATORIAL. 

Tee  position  of  a  body  in  the  heavens  is  determined  by  its 
right  ascension  and  dcclinaiioUf  or  its  rigJil  ascension  and 
polar  distancCf  the  polar  distance  being  the  complement  of 
the  decimation.  The  right  ascension  is  determined  by  the 
time  of  transit  of  the  body  over  the  meridian  of  the  place  of 
observation,  being,  in  fact,  identical  with  the  sidereal  time 
of  this  transit,  and,  consequently,  equal  to  the  mean  solar 
time  of  the  transit  the  equation  of  time  +  the  right  ascension 
of  the  sun.  The  polar  distance  is  also  must  simply  and 
accurately  determined  from  the  observed  altitude  of  the  body 
when  it  crosses  the  meridian,  being  equal  to  the  co-latitude 
plus  the  meridian  zenith  distance,  when  the  observed  body 
and  the  pole  are  on  opposite  sides  of  the  zenith,  and  to  the 
co-latitude  minus  the  zenith  distance,  when  the  body  is  be¬ 
tween  the  zenith  and  the  pole.  The  formulea  at  page  IdS 
show  how  the  hour  angle  and  polar  distance  may  be  com¬ 
puted  from  observations  made  ont  of  the  meridian  with  the 
altitude  and  azimuth  instrument,  and  from  the  hour  angle 
the  time  of  transit  over  the  meridian,  and,  consequently,  the 
right  ascension  is  known. 

However,  neither  the  transit  instmment,  nor  the  altitude 
and  azimuth  instrument,  is  adapted  for  a  prolonged  view  of  a 
heavenly  body ;  the  transit  being  adjusted  to  the  meridian, 
the  object  observed  passes  rapidly  across  and  out  of  the  field 
of  view,  and  though  by  combined  motion  round  the  hori¬ 
zontal  and  vertical  axes,  the  object  may  be  followed  with  the 
telescope  of  the  altitude  and  azimuth  instrument,  the  opera¬ 
tion  is  both  inconvenient  and  imperfect,  since  it  is  imprac¬ 
ticable  so  to  combine  the  motions,  as  to  keep  the  object  in 
the  same  part  of  the  field  of  view. 

The  equatorial  supplies  the  means  of  prolonging  an  obser¬ 
vation  of  a  heavenly  body  to  an  unlimited  extent ;  it  also 
points  out  at  once  the  right  ascension  and  declination  of  an 
observed  body  ;  or  can,  without  any  computation,  be  directed 
to  a  celestial  object,  whose  position  is  given,  by  merely  setting 
the  verniers  or  microscopes  to  read  its  known  right  ascension 
and  declination. 

The  frontispiece  to  this  volume  represents  a  very  elegant 
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and  simple  form  of  the  eqaatorial.  The  mstrament  ia 
mounted  on  a  strong  cast-iron  pillar,  p,  -which  carries  the 
hearings  for  the  polar  axis,  a,  with  adjastments  for  setting 
it  parallel  to  the  earth's  axis.  The  declination  axis,  b, 
revolves  in  a  collar,  which  is  fitted  into  a  cast-iron  socket, 
holted  on  to  the  polar  axis.  The  telescope,  t,  is  fixed  at 
right  angles  to  one  end  of  the  declination  axis,  and  balanced 
by  the  counterpoise,  w,  at  the  other  end  of  the  axis  ;  and 
on  this  axis  is  the  declination  circle  d.  The  polar  axis 
carries  the  right  ascension  circle  h,  and  can  either  be  moved 
round  by  the  hand,  to  set  it  to  direct  the  telescope  to  any 
desired  object,  or  made  to  revolve  by  the  driving-wheel  w, 
connected  with  a  clock,  the  rate  of  which  is  governed  by 
balls  and  fans,  so  as  to  have  a  continuous  motion,  instead  of 
^e  intermittent  motion  of  the  ordinary  time-keepers.  The 
telescope  has  a  fine  adjustment  for  declination,  worked  by 
the  handle  h,  and  the  intervention  of  a  Hook's  joint,  carries 
a  finder,  f,  for  the  more  easy  discovery  of  an  object,  and  has 
a  diagonal  eye-piece,  d,  for  looking  at  elevated  objects. 

ADJUSTMENTS  OF  THE  EQUATORIAL. 

Suppose  the  latitude  of  the  place  and  the  direction  of  the 
meridian  to  be  approximately  known,  the  instrument  to 
show  noiih  polar  distance,  and  the  hour  circle,  when  the 
sun  is  observed  to  read  as  an  ordinary  clock  ;  and  let  the 
polar  axis  be  placed  nearly  in  the  direction  of  the  poles  of 
the  heavens  :  then  the  adjustments  are — 

1.  2’he  elevation  of  the  polar  axis  to  the  altitude  of  the  pole. 

2.  2'he  adjustment  for  colUmation  in  declination,  so  that  the 
indices  of  the  declination  circle  point  to  0,  when  the  telescope 
points  to  the  pole. 

8.  Adjustment  of  the  polar  axis  to  the  plane  of  the  meridian, 
so  that  its  prolotiffalion  may  coincide  with  the  poles  of  the 
heavens. 

4.  Adjmtment  for  colUmation  in  right  ascension,  the  line  of 
tight  being  made  perpendicular  to  the  declination  axis.  This  is 
similar  to  the  adjustment  for  colUmation  in  azimuth  of  the 
transit. 

5.  2'he  setting  of  the  declination  axis  exactly  at  right  angles 
to  the  polar  axis,  if  the  constriu'^um  of  the  instrument  allow  of 
this  adjustment. 

C.  The  adjustment  of  the  right  ascension  or  hour  circle  to 
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read  0*,  rehen  the  Ulescope  u  in  the  meridian  }f  the  place  oj 
observation, 

1.  Adjustment  of  Polar  Axis  in  Altitude. — Observe  any 
kno^vIl  star,  and  cote  the  north  polar  distance  as  indicated 
on  the  declination  circle.  Turn  the  instrnment  half  round 
in  right  ascension,  observe  tho  same  star  again,  and  again 
note  the  reading  of  the  declination  circle.  Take  the  mean 
of  the  two  readings,  correct  it  for  refraction,  and  the  result 
will  be  the  polar  distance  indicated  by  the  instrument. 
Compare  this  instrumental  polar  distance  with  the  true 
polar  distance  given  by  the  Nautical  Almanack.  If  the  star 
observed  be  above  the  pole,  and  the  polar  distance  indicated 
by  the  instrument  be  greater  than  that  given  by  the  Almanack^ 
the  pole  of  the  instrument  is  too  low,  and  if  the  instrumental 
polar  distance  be  less  than  tho  true,  the  pole  of  the  instru¬ 
ment  is  too  high.  If  the  star  observed  be  below  the  pole, 
an  error  of  excess  in  the  polar  distance  shows  that  the  pole 
of  the  instrument  is  too  high,  and  an  error  of  defect,  that  it 
is  too  low.  The  position  of  the  axis  is  to  be  corrected  for 
elevation  by  raising  or  depressing  one  of  its  bearings. 

2.  Adjustment  for  CoUimation  in  Declination. — Take  half 
the  dificrence  of  the  readings  of  the  declination  circle  in  the 
two  observations  for  index  error,  move  the  verniers  or  reading 
microscopes  through  this  extent,  and  the  polar  distance  read 
off  will  be  the  true  instrumental  polar  distance.  Several  pairs 
of  observation  should  he  made,  and  the  mean  of  the  index 
errors  indicated  by  them,  taken  as  the  real  index  error. 

8.  Adjustment  of  the  Polar  Axis  to  the  Plane  of  the  Meridian. 
— Turn  the  instrument  round  its  po].*ir  axis,  until  the  tele¬ 
scope  is  six  hours  from  the  meridian  either  way,  and  observe 
the  north  polar  distance  of  a  known  star,  not  eery  near  the 
pole,  nor  yet  near  the  horizon.  Correct  for  refraction,  and 
compare  the  result  with  the  true  polar  distance  set  down  in 
the  Nautical  Almanack.  Suppose  the  star  to  be  east  of  the 
meridian,  and  the  polar  distaoco  indicated  by  the  instrument 
to  be  too  great;  then  tho  polo  of  the  instrument  inclines  to 
tho  west,  and  the  upper  bearing  must  be  shifted  east,  or  the 
lower  bearing  west.  Several  stars  should  bo  observed,  and 
the  mean  of  the  corrections  indicated  bo  taken  as  the  true 
amount  through  which  the  polar  axis  is  to  be  moved;  but 
there  is  no  necessity  for  reversed  observations,  as  in  iirst 
adjustment. 
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The  polar  axis  is  new  adjaeted  to  the  meridian,  bothlo 
altitude  and  azininth. 

4-  Adju&iment  for  Collimaiion  in  Right  Ascension. — Observe 
the  transit  of  an  equatorial  star,  note  the  time,  and  read  the 
verniers  of  the  hour  circle :  turn  the  instrument  half  \\&y 
round  on  the  polar  axis,  and  observe  again  ;  then  the  did'er* 
ence  of  the  times,  and  of  the  readings  of  the  hour  circle, 
should  agree.  If  they  do  not,  suppose  the  difference  in  the 
clock  times  to  he  eight  seconds  greater  than  the  difference  of 
the  readings  of  the  hour  circle]  then  the  first  transit  is  four 
seconds  too  early,  and  the  second  transit  is  four  seconds  too 
late.  In  the  first  position,  then,  move  the  wires  for  four 
seconds,  to  follow  the  star  in  right  ascension.  If  the  differ* 
ence  of  the  clock  times  he  less  than  the  differences  of  the 
readings  of  the  hour  circle,  the  first  transit  is  too  late,  and 
the  second  transit  too  early,  and,  in  the  second  position, 
the  wires  must  be  moved  to  follow  the  star  in  right  ascen¬ 
sion. 

6.  Adjustment  of  the  Declination  Axis  exactly  at  right  angles 
to  the  Polar  Axis.^lhia  adjustment  may  be  tested  either 
astronomically  or  mechanically. 

Astronomically.^OhBerre  the  transit  of  a  star  in  reversed 
positions  of  the  polar  axis,  exactly  as  for  the  preceding 
adjustment,  only  in  this  case  the  star,  instead  of  being 
on  the  equator,  should  be  not  less  than  45°  from  it. 
A  defect  in  this  adjustment  will  not  produce  any  error 
in  the  time  of  transit  of  an  equatorial  star,  the  law  of 
the  error  produced  being  that  it  varies  as  the  tangent  of 
the  declination.  As  in  the  observations  for  the  preceding 
adjustment,  the  interval  between  the  two  transits  is 
increased  or  diminished  by  twice  the  error  in  the  time  of 
each  transit.  If,  then,  the  clock  interval  be  eight  seenuds 
greater  than  the  difference  of  the  readings  of  the  right 
ascension,  the  first  transit  is  four  seconds  too  oorly,  which 
shows  that  the  telescope  points  to  the  east,  and  that,  con¬ 
sequently,  the  west  end  of  the  declination  axis  is  too  elevated. 
At  tho  second  transit  it  is  just  as  much  depressed.  If  the 
declination  of  the  star  be  exactly  45°,  the  amount  by  which 
the  declination  axis  is  out  of  adjustment,  is  equal  to  the  error 
in  the  time  of  transit,  converted  into  angular  measure  :  thus 
if  tho  transit  be  four  seconds  too  early,  the  axis  is  out  of 
adjustment  4  x  16"'  or  1'.  the  west  end  being  too  elevated- 
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If  the  star  have  any  other  declination  the  amount  by 

4 

which  the  axis  is  out  of  adjustment  is  X  16  . 

Before  making  this  adjustment,  the  previous  adjustment 
is  understood  to  have  been  perfected,  no  error  of  colJimation 
being  supposed  to  exist. 

Mechanically. — The  decKnation  axis  is  to  be  placed  exactly 
horizontal  by  testing  it  with  a  level,  as  in  the  cases  of  tbe 
transit  instrument  and  altitnde  and  azimuth  instrument ; 
and  the  reading  of  the  hour  circle  to  be  noted.  The  polar 
axis  is  then  to  be  turned  half  round,  the  declination  axis 
again  placed  exactly  horizontal,  and  the  reading  of  tbe  hour 
circle  again  taken.  If  the  adjustment  be  perfect,  the  differ¬ 
ence  of  the  two  readings  will  be  exactly  twelve  hours ;  but 
if  not,  take  half  the  amount  by  which  ibis  difference  exceeds 
or  falls  short  of  twelve  hours,  convert  it  into  angular 
measure,  and  call  the  result  e  \  then  the  deviation  of  the  axis 
is  given  by  the  equation  sin  d=tan  e  cot  I,  in  which  d  repre¬ 
sents  this  deviation,  and  I  tbe  latitude  of  the  place  of  obser¬ 
vation.  If  the  difference  of  the  readings  exceed  twelve 
hours,  the  end  of  the  declination  axis,  which  in  the  course  of 
tbe  semi-revolution  has  passed  above  the  polar  axis,  is  too 
elevated,  and  vice  vend. 

6.  Adjustment  of  the  Verniers  or  Reading  Microscopes  of  tht 
Hour  Circle^  to  read  0,  uhen  the  Telescope  is  on  the  Meridian  oj 
the  Place  of  Observation. — If  the  observer  have  the  means  of 
getting  the  exact  time,  let  him  observe  tbe  time  of  transit 
of  one  or  more  stars  not  far  from  tbe  equator,  tbe  polar 
axis  of  the  instrumout  having  been  placed  and  damped  with 
the  verniers  of  the  right  ascension  or  hour  circle  reading  0. 
Correct  for  error  of  clock.  Then  the  reduced  timo  of 
transit  should  be  the  same  ns  tbe  right  ascension  of  the 
star,  recorded  in  the  Nautical  Almanack;  and  if  not,  tbe 
verniers  must  be  shifted,  and  tbe  inslrument  again  adjusted 
and  clamped,  until  complete  coincidence  of  tbe  sidereal  times 
of  transit  with  the  trne  nght  ascension  be  obtained.  If  tbe 
observer  have  not  tbe  means  of  getting  the  time  with  sufficient 
accuracy  for  the  application  of  the  preceding  test,  the  declina- 
Aion  axis  must  be  placed  horizontal  by  means  of  a  level,  and 
tbe  hour  angle  indicated  on  the  right  ascension  circle  should 
then  be  0,  which  the  verniers  or  microscopes  should  be  made 
to  read  without  altering  the  uosition  of  the  instrument. 
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For  all  the  adjastments,  except  8,  the  observations  shonid 
be  made  with  the  telescope  nearly  in  the  meridian.  The 
correction  for  refraction  is,  then,  at  once  found  from  the  ordi¬ 
nary  tables  for  refraction,  the  zenith  distance  being  the 
difference  between  the  polar  distance  and  the  co-latitude  for 
stars  above  the  pole,  and  the  sum  of  the  polar  distance  and 
the  co-latitude  for  stars  below  the  pole. 

DSES  OP  THE  EQUATORIAL. 

However  well  the  operations  for  testing  and  correcting 
the  adjustments  may  be  performed,  the  equatorial  will  not 
possess  the  accuracy  of  the  transit  and  altitude  and  azimuth 
instruments.  Its  uses,  however,  are  two-fold  :  1,  to  observe 
phenomena,  such  as  the  eclipses  of  Jupiter's  satellites,  requir¬ 
ing  prolonged  observation ;  2,  to  determine,  in  a  rapid  and 
simple  manner,  the  place  of  a  body  in  the  heavens,  by 
observations  made  at  any  time,  this  place  being  previously 
quite  unknown. 

METHOD  OP  OBSEEVING  WITH  THE  EQUATOBZAL. 

For  the  purpose  of  prolonged  observation  of  a  body,  whose 
right  ascension  and  declination  are  known,  the  instrument 
may  he  set  at  once  to  find  it,  and  the  hour  circle  being  then  put 
in  connection  with  the  driving-wheel,  the  clock  will  move 
the  instrument  in  right  ascension,  so  as  to  exactly  follow  the 
apparent  motion  of  the  heavenly  body,  caused  by  the  revo¬ 
lution  of  the  earth  on  its  axis. 

When  used  k)  determine  the  position  of  some  stranger  in  the 
heavens,  as  a  comet,  the  equatorial  should  be  used  merely 
as  a  differential  instrument.  The  comet  having  been 
observed,  and  the  time  noted,  let  the  instrument  be  clamped 
both  in  right  ascension  and  declination,  until  a  kno^vn  body 
passes  over  the  Held  of  view,  when  its  time  of  transit  must 
also  be  noted  and  its  instrumental  declination  observed. 
The  observations,  both  of  the  comet  and  of  the  known  body, 
will  be  equally  effected  both  by  refraction  and  by  the  imper¬ 
fections  of  the  adjustments,  and,  consequently,  the  differences, 
both  in  the  right  ascensions  and  declinations  of  the  two 
bodies  will  be  accurately  determined.  If  there  be  no  body 
of  neai'ly  the  same  declination  as  the  comet  sufBciently 
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ocar  in  right  ascenaion  to  pasa  across  the  field  of  view 
within  a  short  time  after  the  comet,  the  instrament  may  be 
clamped  in  right  ascension  only,  and  stars  of  both  greater 
and  lesser  declination  by  nearly  equal  amounts  may  be 
observed,  so  that  the  mean  of  the  corrections  for  refraction 
Doay  be  nearly  tho  same  as  the  correction  for  the  comet. 
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AlUtisLa  and  azimuth  lostnimeDt,  de> 
acrtcliOD  of,  142;  adjiuliDent  of,  14-( ; 
mode  of  obicrTinB  with,  HO:  use  of, 
UT. 

Aneroid  liaromeler,  lOL 
ArtiOcial  horizon,  63. 

Aiironomlcal  triungie,  117;  table  of 
(oriDula  ooonecUng  Uie  parta  of,  148. 

Barometer,  standard,  03;  the  ajpbon, 
60  ;  the  portable  or  monniain,  $9  ;  ibe 
wheel,  1U3;  Uie  aneroid,  101;  appllca* 
tlou  of,  to  deiermlualion  of  difference 
of  aliitode,  109;  meleorological  pheno¬ 
mena  denoted  by,  IIS. 

Bench  marks,  31. 

Box  sextant,  47  ;  parallax  of,  40  :  odjost- 
mcDti  of,  01 :  mode  of  observini:  with, 

*1. 

Chain,  land,  2;  Gunter’s,  2;  measnring 
with,  4 ;  cxaminalloD  and  cofrection 
of,  by  standard,  &;  snreoy,  0. 

Chords,  protr)w:tiog  by,  76. 

Clinometers,  7- 

CoUimation,  line  of,  16;  adjnatment  of, 
for  level  and  tlicodoliie,  149;  in  alti¬ 
tude,  adjustment  for,  63,  146;  in  sai- 
miith,  adjuiiment  for,  63, 136,  145. 
Collimatcr,  161. 

Compass,  the  prismatic,  30;  surreying 
with,  43, 

Cross  ataff,  63, 

D'Ahbadie'a  theodolite  describi-d,  66. 

Cdeeworlb'a  stadiomeler,  64. 

Fllioll's  improved  dumpy  lerel,  22. 
Equatorial,  the,  deacriptlon  of,  16.1;  od- 
ju.’timent  of,  161;  mode  of  t^scning 
witli,  169  :  uses  of,  168. 

Fonnuli^  for  true  altitude  of  barometer, 
101;  for  determining  height  by  the 
barometer,  110;  connecting  the  parti 
of  aatronomcal  triangle,  148. 

Graratt,  hli  odjoitmeot  of  liu  lerti,  II  | 
his  level.  20. 

Gooter'a  cnalii,  2. 


Hndley'i  aextast,  127;  adj'iatmenti  ol, 
130. 

Horizon,  ortiflclal,  52, 

Hypsometricoi  inslrnmenta,  preliminary 
remarks  od,  62. 

Hjpsomeiry,  laiometric,  108;  thermi>* 
metric,  124. 

Land  clioin,  2 ;  aurreying  with,  9. 

Level,  the  spirit,  10;  criterion  of  a  good, 
11  ;  Ibe  Y,  \i\  Gravatl's  dumpy,  20; 
Elliott'a  improved  dumpy,  22;  the 
improved  dumpy  Y,  21;  water.  33; 
retlcciing,  34  :  unproved  reflecting  36 
dnuiiing  and  mining,  37. 

Levelling,  remarks  on,  26;  for  section, 
23;  ndd-book,  20. 

Levelling  slavea,  24. 

Line  runger,  Uie,  &t. 

Linear  and  square  measure,  tables  of,  8. 

Measuring  tape,  6. 

Mercurial  thermometer,  96. 

hleteorological  phenomena  denoted  by 
burometcr,  118. 

Microscope,  reading,  140. 

Mountain  baromeler,  09. 

yorlbiiigs,  MUlhings,  easUngs,  and  weal 
Inga,  76. 

OfTsclIing  Starr,  6. 

Omnimetcr.  88. 

Optical  square,  53. 

Parsllat  from  mL-pIacement  of  apidai 
lines,  delected  and  corrected,  16. 

riotling  a  section,  32  ;  a  survey,  74. 

Poles,  station,  9. 

Portable  barometer,  99;  tnnalt  Inscro- 
ment,  132;  altitude  and  aziiDuth  In¬ 
strument,  143, 

Prismatic  compass,  the,  39;  illustralloni 
of  its  use,  43. 

Protracting  by  cbordi,  78;  by  norlbingi, 
Bouihings,  eastings,  and  we.stinga,  76. 

Banger,  the  line,  64. 

Boning  rods,  6  ;  llnei  with  the  theodo 
Lite.  70. 

Beading  microscope,  149. 
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Sextant,  bax,  47;  parallax  oC  49;  adjiut* 
ntcnii  of.  49:  mode  of  obMrring  with, 
;<1 :  UadJcy'e,  11'7;  adjuetmcntJ  of, 
l.'iO. 

Spirit  level,  10;  criteria  of  a  11. 

.^cjiiiire,  optical,  OH ;  rneaaiirrii,  table  of,  3. 

.SiHdionieier,  Edeeworth’a,  84. 

tit'idiutn,  the,  for  delciioining  diitancei 
in  nde  practice.  79. 

.Stntr,  tcvelling,  24  ;  oCfieiCinEr,  8  :  Croia, 

oa. 

Stoiioo  polca  and  rancinc  roda,  9. 

Surveying  njih  ctiHin  only,  9;  with  prU- 
niatic  conipi'H?,  4H :  niili  theodolite, 
70:  with  tlie  etadionicler,  84;  with  the 
onmiiueter,  69. 

Ta'jlea  of  linear  and  aqiiare  rnea&urea,  3  ; 
for  the  reduction  of  inclined  to  liorizonlai 
distances.  6.  HO ;  of  correction!  fur  CApd* 
laniy,  in  the  lieiuhu  of  the  iMiruQjeirlc 
eii!iimn,99:  nffeetin  eoluina  of  atmo- 
aphereequivxleat  iu  weight  to  oae* tenth 
of  an  inch  of  mercury .  ar  Oifierent  tern* 
.*>eraiiirea,  109 ;  of  correcriooa  fur  lem- 


pentore  to  be  applied  to  barometera, 
112,  113;  of  factor!  and  dlriion  for 
computation  of  height!  by  barometer, 
114,  IIA:  of  altitude!  and  corresr'Ood- 
ing  helgnia  of  b.irnmeter,  118,  117. 

Tape,  the  nieastiring,  0. 

Theodolite,  the,  6^;  the  transit.  80; 
Evereai^,  M  :  Liiier'*,  66’,  D'Abbadie'a, 
68;  measuring  angles  with  the,  67: 
ranging  Knea  with  the,  <0;  traverxiiig 
with  the,  71. 

Thermometer,  the  mercnri.'il,  98. 

Tbemiomelric  hypeomeiry,  121. 

Tianait  ioalnnnent,  132;  adjiisimeot!  of, 
136;  method  of  oliserving  with,  139; 
use  of,  14 1 ;  theiidoJite,  liO. 

Thnaigle,  aatrononiicii),  147:  table  of 
forjuulw  cennecliiig  the  parti  of,  146. 


Wheel  beromeier,  the,  103. 

Wliiitley*!  alidc-rule  tor  deteminaner  al 
Iieighta  by  the  barometer,  lIlL 

Y  level,  the,  13. 
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